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Grayson Lake is a flood control reservoir located within the Little Sandy River 
Drainage ofNortheastemKentucky. For the reasons of public outcry and 
experimentation, Kentucky's Fish and Wildlife Service targeted this lake for 
fertilization starting in April 1994, in hopes of increasing overall lake productivity 
( enhance game fish survival). The reservoir was sampled weekly from April to July 
1993, especially to determine base level phosphorus and nitrogen species 
concentrations data to suggest a precise fertilization scheme. Other parameters 
examined included the physical, chemical, and biological components present in 
Grayson Lake that could be useful for future comparative studies to ascertain the 
effects of fertilization on Grayson Lake. 
Nutrients occurred in greater concentrations at the beginning of the study period 
and steadily declined as the season progressed. However, nutrient concentrations 
were strongly increased after two storm events occurring during the study period; The 
average nutrient concentrations within the photic zone of the proposed fertilization 
area were 75.75 ± 41.75 mgL·' of total phosphorus (TP), 325.0 ± 351.95 mgL·' of 
ammonia (NH,), and 190.3 ± 84.25 mgL·1 of nitrate plus nitrite (NO,+ NO2). Based 
on these monthly nutrient concentration averages, a fertilization scheme of applying an 
average amount of 52.076 Kgha·' of nitrogen and 1.948 Kgha·' of phosphorus was 
prescribed to raise concentrations of nitrogen and phosphorus to 1500 and 100 mgL·' 
respectively within the photic zone. Other lake characteristics examined included 
temperature and dissolved oxygen stratification, conductivity and alkalinity increase, 
and turbidity decrease. Biologically, zooplankton species and abundance were low. 
However, rotifers (particularly Keratella sp.) dominated total numbers. The 
phytoplankton community was dominated by several different species of diatoms and 
another Chrysophyte, Dinobryon sp., with few green algae and cyanobacteria. 
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The Feasibility of Trophic Manipulation of Grayson Lake, Kentucky, U.S.A. 
1. Introduction 
Constructed reservoirs are designed to serve multiple purposes. Primary 
functions of these facilities are flood control mechanisms within watersheds where the 
threat of high water exists, providing municipal water supplies, and serving as conduits 
for military troop movement. Maintenance of potable water quality and flood control 
have been the major concerns for reservoir construction for many years. However, 
secondary uses, like aesthetic and recreational values, draw tourists to the lakes and 
surrounding regions. Only recently have there been attempts to manipulate these 
ecosystems to increase fishery potential and angler satisfaction while maintaining a 
potable supply. Ney and Yurk's (1989) study of several Southern Appalachian 
reservoirs demonstrated the effects oflow nutrient concentrations on overall lake 
productivity. Data. presented clearly show that low nutrient concentrations result in 
low primary productivity and, ultimately, poor fish productivity. 
The application of fertilizer to a constructed reservoir increases primary 
productivity and theoretically this should surge through the food web within the 
ecosystem. In the long run, fertilization is intended to increase game fish young of 
year (YOY) survival and increase size over time. In Northeastern Kentucky, several 
lakes ( Greenbo Lake, Carr Fork Lake, and others) re1:eive or have previously received 
fertilizer applications sometime during the growing season for the purpose of 
improving game fish productivity, as well as control aquatic vegetation. 
Unfortunately, fertilizer quantities and rates were often not accurately recorded. 
Further, no pre-fertilization data on lake production exist for these reservoirs aside 
from annual spring and fall electro-fishing surveys, as well as occasional cove rotenone 
studies. The Kentucky Department of Fish and Wildlife has proposed the fertilization 
of Grayson Lake to be a scientific undertaking in order to increase fish productivity 
(primarily that oflargemouth bass - Micropterus sa/moides) by carefully measuring all 
aspects of the lake the year prior to and during the ac;tual fertilization process. 
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The goal of this research is to gather preliminary nutrient and production 
measurements to determine fertilization rates for Grayson Lake, Grayson, Kentucky, 
U.S.A. If successful, the rate of fertilizer application can be more accurately 
determined (hopefully to save cost), and exact effect can be quantified. Preliminary 
studies were conducted from 3 April to 29 July 1993 by measuring 17 water quality 
parameters of Grayson Lake one year before the actual fertilization was to take place. 
Parameters investigated were water column temperature, conductivity, dissolved 
oxygen, surface pH, secchi depth (z50), photic zone depth (zp = z50 *2.7), total 
phosphorus (TP), total dissolved phosphorus (TOP), soluble reactive phosphorus 
(SRP), nitrate (NO3), nitrite (NO2), ammonia (NH3), alkalinity (mg CaCO3L-1), 
turbidity (FTU), chlorophyll a, phytoplankton populations, and zooplankton 
populations. Data from the preliminary study were to be compared with that taken 
during the actual fertilization of Grayson Lake which started the second week of April 
in 1994. 
The scope of this project represents the largest reservoir fertilization study ever 
conducted in Eastern Kentucky. In 1994, the Kentucky Department ofFish and 
Wildlife planned to fertilize over 1.62 km2 of Grayson Lake, with the greatest part of 
the target area being the impounded river channel of the lake. 
There have been many fertilization studies on ponds and natural lakes (Shearer et 
al., 1987; Suttle et al., 1987; Hecky & Kilham, 1988; Aldridge et al., 1993; Melack et 
al., 1982; Havens, 1993; Lean & Pick, 1981; Mills, 1985; Mills & Chalanchuk, 1987; 
Reynolds & Butterwick, 1979; Rueter et al., 1985; Stockner & Shortreed, 1985; 
Lathrop, 1988; Miyashita & Miyazaki, 1993; Findlay & Kasian, 1987) as well as small 
scale cove studies on reservoirs. However, none of these earlier studies were of the 
magnitude of the proposed Grayson Lake experiment in size and position of the 
intended fertilization area. The pre-fertilization data will represent baseline values for 
nutrient concentration to determine if the standing time of the water in a river run 
reservoir will have a negative effect on the actual fertilization process. Therefore, data 
provided by this study will assist in determining whether fertilizer applications to 
constructed reservoirs is a productive use of the Commonwealth's financial resources. 
Should this research show that fertilizer applications actually increase initial 
productivity (phytoplankton increase), the elevated primary productivity in response to 
the fertilizer application, will ultimately reac\l the top pf the food chain (proving the 
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Bottom-Up Effect; nutrient control oflake productivity), thus increasing the quantity 
and quality of largemouth bass within Grayson Lake. 
3 
2. Literature Review 
/ 
Fishing is a popular sport not only in Northeastern Kentucky, but the world as 
well. As a result, increased pressure is being placed on our lakes and streams, raising 
concerns about our fisheries abilities to maintain fish quantity and quality. Placing 
certain regulations that govern fishing, like size and creel limits, aid in keeping fishery 
potentials high, as seen by the increase in largemouth bass (Micropterus salmoides) 
biomass of Grayson Lake with the fifteen inch minimum size limit (Kornman, 1990). 
However, traditional research suggests that the main factor involved maintaining 
fishery quality is high primary productivity in impounded waters. Carbon uptake and 
assimilation into the food web by phytoplankton will eventually end up in the fish, 
which allows for the long term positive effects of increasing fish biomass via increased 
primary production. There are two schools of thought on which factors control lake 
productivity: 1) the cascading trophic interactions theory; and 2) nutrient control. 
The cascading trophic interaction theory suggests that the consumers within a body 
of water, like the largemouth bass, will ultimately control lake productivity (Carpenter 
et al., 1985). Through predation, these piscivorous fish, being at the apex of the food 
chain in pelagic freshwater ecosystems, have dominion over the food web affecting the 
population's own well being of size and number. In a typical lake, as the number of 
bass increase, the rate of predation decreases the dominant forage fishes such as 
threadfin and gizzard shad (Dorosoma petenense & D. cepedianum ). This decline in 
the shad populations has a direct positive effect on the zooplankton community; 
reduced shad predation causes the zooplankton community to increase. This 
corresponds to increased predation by zooplankton on phytoplankton, which causes 
phytoplankton numbers to decline. Ultimately, the lake has decreased primary 
production because of this series of disruptions in the food chain (Table 1 ). If top 
consumer numbers decrease, the cascade should have the opposite effect, leading to 
primary production increase (Carpenter & Kitchell, 1988; Carpenter et al., 1985; 
McQueen et al., 1986; and McQueen et al., 1989). 
Bottom-up control oflake productivity occurs when nutrient concentrations are 
elevated within the system causing an increase of production throughout the food web. 
There is substantial literature regarding responses of phytoplankton to increased 
nutrient concentrations via fertilization practices within the photic zone. Fertilizer 
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Table 1. Trophic Cascading oflake productivity control (Carpenter et al., 1985). 
Primai:y Production Decreases 
Picsivorous Fish Increase 
Planktivorous Fish Decrease 
Zooplankton Increase 
Phytoplankton Decrease 
Nutrient Available Increase 
Primary Production Increases 
Piscivorous Fish Decrease 
Planktivorous Fish Increase 
Zooplankton Decrease 
Phytoplankton Increase 
Nutrient Available Decrease 
Table 2. Nutrient Control oflake productivity (McQueen et al., 1986). 
Primacy Production Increases 
Nutrient Availability Increases 
Phytoplankton Increase 
Zooplankton Increase 
Planktivorous Fish Increase 
Piscivorous Fish Increase 
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Primary Production Decreases 
Nutrient Availability Decreases 
Phytoplankton Decrease 
Zooplankton Decrease 
Planktivorous Fish Decrease 
Piscivorous Fish Decrease 
applications stimulate greater primary productivity or carbon assimilation through 
photosynthesis. Production of a larger standing crop of phytoplankton creates an 
abundance of food for primary consumers within the ecosystem. Zooplanlcters such as 
Daphnia sp. and Bosmina sp. serve as primary consumers, typically grazers. The 
zooplanlcton, shad, then largemouth bass biomass all increase similarly. Eventually 
each trophic level responds by increasing along the trophic up-surge (Table 2). 
Predictably, the opposite will occur when nutrient concentrations decline (M:cQueen et 
al., 1986; McQueen et al., 1989). 
An excessive increase in some nutrients, especially phosphorus, causes 
eutrophication to occur. This often results in phytoplankton blooms of undesirable 
species, such as bluegreen algae (Cyanobacteria) which causes two problems. One, 
with the possibility of prolonged low light conditions, algae will respire more than they 
photosynthesize and their numerous corpses provide energy to the oxygen consuming 
bacteria within the water column. Low oxygen levels may result in fish kills. Two, 
most bluegreens are undesirable by being toxic, which will harm fish as well as cause 
low water potability (Wetzel, 1983; Lathop, 1988). 
Jones and Bachmann (1978) and Lathop (1988) suggest that more often than not, 
nutrients have a greater control of lake productivity whether the lake is 
ultraoligotrophic or hypereutrophic. Therefore nutrient manipulation can increase 
primary production. One method proven to increase net primary productivity is the 
application of fertilizers which boosts the lake's photic zone nutrient concentrations. · 
Early investigations related to fertilizer applications in aquacultural ponds 
demonstrated an increase in fish biomass (Swingle and Smith, 1939). Small mesocosm 
experiments have shown that algal populations as much as double in cell size and 
numbers, with the resultant increase in productivity, when given nutrient boosts 
(Suttle, Stockner, and Harrison, 1987; Reynolds and Butterwick, 1979; Miyashita and 
Miyazaki, 1993). However, these studies employed ponds and small ecosystems in 
bottles which could be easily manipulated. It is only more recent that fertilizer 
applications are being tested as a mechanism to increase fish biomass through overall 
lake productivity in certain large pelagic ecosystems. 
Recent studies oflarge, deep impoundments that were in an oligotrophic or 
ultraoligotrophic state, suggest that both bio-available phosphorus, soluble reactive 
phosphorus (SRP), and nitrogen in the forms of nitrate (NO1) and/or ammonia (NH1) 
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were the factors major limiting lake productivity (Hecky and Kilham, 1988; Wetzel, 
1983). Fertilizer applications on oligotrophic and ultraoligotrophic lakes have 
generated similar results of increased lake productivity. After prescribed amounts of 
fertilizer were added to half of Lake 226 from 1973-1980, there was a great increase 
in whitefish biomass, especially in young of year classes when compared to that of the 
unfertilized section of the lake (Mills, 1985; Mills and Chalanchuk, 1987). Findlay and 
Kasian (1987) examined the phytoplankton of Lake 226 during this experiment and 
noted that a marked increase also occurred in the phytoplankton biomass within the 
fertilized section. Another study, of 17 Canadian Lakes, in which 13 were fertilized 
showed increases in phytoplankton biomass and primary production over the 
unfertilized lakes (Stockner and Shortreed, 1985). 
Experimentation has also been done on hypereutrophic lakes. Instead of being 
multi-nutrient limited, nitrogen was found to be the primary nutrient deficient in 
hypereutrophic lakes. In two particular experiments, one in Florida and one in 
Wisconsin, similar results were generated when nitrogen was added to the lakes being 
studied. Bluegreen algal biomass decreased and was replaced by more beneficial green 
algal biomass. There was also a noted increase in the macrophyte assemblages in these 
lakes (Aldridge et al., 1993; Lathop, 1988). 
Results of fertilization studies do show positive effects on overall lake 
productivity including desirable fish species. However, post-fertilization studies have 
shown that in as little as one year after fertilization has ceased, the lake can, and will, 
return to its original state of primary productivity and trophic status prior to 
fertilization (Shearer et al., 1987; Findlay and Kasian, 1987). This demonstrates that 
not only is there a problem with trophic manipulation like fertilization having adverse 
effects on primary production (such as faster eutrophication) but the procedure must 
be maintained continually to keep the lakes overall productivity at a desired level. 
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3. Study Site Description 
3 .1 Morphometry 
Grayson Lake, Kentucky, U.S.A. is a United States Army Corp of Engineer 
impoundment built for flood control within the Little Sandy River Drainage in 
Northeastern Kentucky (Figure 1). Grayson Lake Dam was completed in June 1968 
at the 51.2 mile mark of the Little Sandy River. The dam is an earth and random rock 
fill design, 36.57 meters (m) high with a crest length of 444.99 m, and a top width of 
11.58 m (to accommodate KY State Route 7 - the main access route to the reservoir). 
The dam collects and controls runoff from a 507.64 square kilometers (km2) 
watershed (roughly 27% of the total water shed of the Little Sandy River Drainage 
System and 1.8% ofKentucky's total land area) in portions of Carter, Elliot, and 
Rowan Counties (Figure 2). The reservoir has a surface area of 6.11 km2 and a net 
volume of 13,199,725 cubic meters (m3) at Summer Pool (196.59 m above mean sea 
level [ms!]). At this point, the pool length is 31.70 kilometers (km) with a shoreline 
length (SL) of 119.39 km, and a shoreline development (D0 of 13.63. Winter draw 
down takes place during late November until the reservoir has reached Winter Pool 
with a surface area of 4.69 km2 and a net volume of 4,070,943 m3 at 194.15 m above 
ms! (this is approximately 1 m above minimum pool at 193.23 m above ms!). Even 
though it has never been reached, Flood Pool for the reservoir occurs at 207.56 m 
above ms!, having a pool length of nearly 38.62 km and covering some 14.69 km2, 
with a total net volume for the lake of 110,532,280 m3 and gross volume of 
146,924,045 m3 (Table 3). 
Grayson Lake is relatively narrow due to the canyon-like walls of the Little Sandy 
River gorge. As a result, the lake has an average depth of 6.00 m with a maximum 
depth (Zroa,J of 18.29 mat Summer pool near the dam (Table 4). The standing time 
of water within the reservoir averages 73 .4 days. To maintain water quality and the 
biota within the river below the dam, a minimum water discharge of0.28 cubic meters 
per second (ems) is released through the dam, with a yearly average flow of about 
0.71cms. (United States Army Corp ofEngineers 1985 & 1987; Kornman, 1990). 
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Figure 2: The Grayson Lake Watershed 
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Table 3: Grayson Lake pool characteristics.* 
Pool Elevation (m) Area Pool Length NetVolnme Gross 
above mean (Km2) (Km) (ml) Volnme 
sea level (msl) (ml) 
Minimnm 193.23 4.21 19,121,097 19,121,097 
Winter Pool 194.15 4.69 4,070,943 23,192,040 
Summer Pool 196.59 6.11 31.70 13,199,726 36,391,766 
Flood Pool 207.56 14.69 38.62 110,532,280 146,924,046 
Total 207,56 14.69 38.62 127,802,949 146,924,046 
*Revised from the United States Army Corp of Engineers, 1987 
Table 4: Grayson Lake morphometric characteristics at Summer Pool Elevation 
196,59 m above msl. 
Shore Line Development (Di) 
Shore Line Length (SL) 
Mean Depth (z) 
Maximum Depth (zMAX) 
13.63 
119.39Km 
6.00 m 
18.29 m 
3.2 Geography 
Topographically, Grayson Lake was constructed within a region known as the 
Kanawa Section of the Appalachian Plateau along the Southwestern edge of the 
Pittsburg-Huntington (Appalachian) Geosyncline. This area has both moderate 
sloping hills with serrated ridge tops, with near vertical walls of the Little Sandy River 
gorge. Because of the steep slopes in the watershed, it is quickly drained. The rock 
strata surrounding Grayson Lake are of the Pennsylvanian and Mississippian ages with 
sandstones of both ages dominating the rock strata. Minorly, limestone is also found 
within these formations. However, within the Lee and Breathitt formations of the 
Pennsylvanian age rock, coal seams are found which have been utilized by strip mining 
operations within the water shed. Strip mining activity has been a concern for the 
watershed with respect to the maintenance of water quality. Soils resulting from the 
weathering of the exposed rock form three major soil associations (Figure 3): (1) the 
Muskingum, Ramsey, Wellston Association; (2) the Rockland, Monogahela, Pope 
Association; and (3) the Muskingum, Montevallo, Ramsey Association. The 
temperate climate of the Little Sandy River basin is affected by frontal systems of both 
Continental Polar (cP) as well as Maritime Tropical (mT) fronts. This creates a yearly 
average temperature of 1 l.94°C (53.5oP). The growing season for the region is 
approximately 6 months (mid-April to mid-October) with a Summer average 
temperature of 22.77°C (73°F). The region has prevailing South to Southwest winds 
that average 17.06 Kmhour-1 (10.6 mileshr-1). Yearly precipitation averages are 
approximately 107.44 centimeters (cm) including the 50 cm of snow (United States 
Army Corp ofEngineers, 1985 & 1987; Kornman, 1990). 
3.3 Watershed Characteristics 
Seventy percent of Grayson Lake's watershed is secondary growth forest - and 
includes Grayson Lake State Park. Even though variety abounds in this mixed 
mesophytic forest, the dominant species occurring here are the Oaks (Quercus sp.) and 
the Hickories (Carya sp.). Most of the forest is located within private farmland which 
also grow crops of high nutrient uptake, tobacco and corn, along the more flat acreage 
beside creeks. 
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Figure 3: Soils, Geology, and Plant Ecology for Grayson Lake's Water Shed, 
(United States Army Corp of Engineers, 1985) 
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As mentioned previously, this region lies on the edge of the Eastern Coal fields, 
and with the coal in close proximity to the surface, strip mining occurs within the 
Grayson Lake watershed. Although not as influential, oil and natural gas are also 
extracted (western extreme of the Martha Oil fields). As a result, the land within 
Grayson Lake's watershed has a diversity of uses. 
Grayson Lake's productivity is dictated by climate and the surrounding land. 
Being in a temperate region, Grayson Lake is dimictic. It undergoes seasonal changes 
as water temperatures drop and rise causing Fall and Spring turnovers. During these 
mixing events water column nutrients are carried into the photic zone causing 
increased productivity. As temperatures rise, summer stratification occurs and the 
nutrients are utilized by the biota. Storm events pulse nutrients into the lake from the 
surrounding watershed through excess fertilizers from farmlands and the 
decomposition of allochontinous material falling into or washing in from tributaries. 
With respect to these features of the watershed ( farmlands, forest,and mining 
activities) the biota of Grayson Lake are impacted by land uses and practices on an 
annual basis. 
3 .4 Biological Characteristics 
Due to the water level manipulations of Grayson Lake and the small littoral zone 
of the lake ( due to the near vertical walls) aquatic vegetation is minimal. The shift 
between summer and winter pools does not allow truly submergent vegetation to take 
root. During Summer pool, however, a few species of plants, especially Phragmites 
sp., do manage to live for a short season along some of the shallower flats and 
submerged islands within in the lake and the extreme backs of tributaries. In the backs 
of creeks cattails (Typha sp.) and willows (Salix sp.) can be found along the banks. 
Fish biodiversity is high in Grayson Lake. Among those fish making up the 
greatest percentage of the total fish population are white crappie (Pomoxis annularis), 
gizzard shad (Dorosoma cepedianum), bluegill (Lepomis macrochirus), and carp 
(Cyprinus carpio). Because Grayson Lake is a river impoundment, many species have 
adapted to the lake conditions from their natural river environment like the cyprinids 
(minnows) other than carp, ictalurids (catfishes}, catostomids (suckers), and many 
centrarchids (sunfishes). In order to achieve suitable populations for angling, yearly 
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fish stockings have been in affect since the lake's impoundment in 1969. In support of 
effects to maintain a suitable largemouth bass population, forage fishes, mainly gizzard 
shad and threadfin shad (Dorosoma petenense) were also released in sufficient 
numbers (Kornman, 1990). 
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4. Materials and Methods 
4.1 Field Sampling 
Grayson Lake was targeted for fertilization in April and May of 1994 by the 
Kentucky Department of Fish and Wildlife. One year prior to fertilization, five study 
sites (Figure 5) were positioned on the lake that would allow sampling in two sites 
below the proposed fertilized area (Dam Site & Deer Creek Site), two sites within the 
proposed fertilized area (Bruin Site & Mid-Lake Site), and one site above the 
proposed fertilized area (Upper Lake - Twin Branch Site). This sampling regime made 
it possible to compare data between the 1993 preliminary study of the five sites before 
fertilization, with the actual 1994 fertilization study. All five study sites were sampled 
weekly from April 4, 1993 to July 29, 1993. The reservoir was in Summer Pool 
condition during the 18 week study period, except for two sampling dates occurring 
after storm events in which the water level raised approximately 1 meter above 
summer pool. A total of 90 water samples were analyzed for 15 parameters as well as 
biotic composition. 
At each site, Secchi depth (zso) was found by using a 20 centimeter (cm) all-
white Secchi disk. Photic zone depth (zp) was then calculated at 2. 7 * zso· For 
shallow photic zones (depths less than 3 meters (m)), a 3 m piece of PVC pipe with a 
diameter of 3 .18 cm marked in 1 cm increments was used to obtain an integrated 
water column sample by lowering the pipe into the water and stoppering the end of the 
pipe when the calculated depth of the photic zone had been reached. Then the pipe 
was lifted and the water column sample drained into an acid-washed bucket. For 
photic zone depths greater than 3 m, a 2 Liter (L) Van Dorn water column sampler 
was used to take water column samples, from the surface to the bottom of the photic 
zone, at one-halfm intervals (500 ml from each depth was compiled into the acid 
washed bucket). 
Chlorophyll a analysis was accomplished by suction filtering 500 ml of the 
integrated water column samples through Wattman 0.45 micron membrane filters and 
extracting pigments in 20 ml of cold 90% in the dark. The filtrant was retained in 
acid-washed Nalgene™ 500 ml wide mouth bottles for later lab analysis of soluble 
reactive phosphorus (SRP) and total dissolved phosphorus (TDP). Three 500 ml 
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water samples were taken and placed into acid washed Nalgene™ sample bottles and 
placed in a cooler on ice until laboratory analysis for turbidity (FTU), alkalinity, nitrite 
(NO2), nitrate (NO3), ammonia (NH3), and total phosphorus (TP). One bottle was 
fixed in the lab with Lugol's solution for phytoplankton analysis. One sample was 
acidified for preservation with 2 ml ofH2SO4. 
Surface pH for the sites was recorded by using a Fisher Model 1003 pH meter 
calibrated with three standards (4.0, 7.0, and 10.0) before each sampling session. 
Conductivity and temperature profiles were recorded at 1 m depth intervals from the 
lake's surface to the bottom by using a YSI model 54 S-C-T meter. A Dissolved 
Oxygen profile was obtained at 1 m depth intervals using a YSI model 57 Dissolved 
Oxygen. The D.O. probe was air calibrated before each sampling. The zooplankton 
community within the photic zone at each site was sampled by using a 12 L Schindler-
Patalis Plankton trap ( 63 micron mesh net; Wildlife Supply Company) lowered to three 
depths within the photic zone (surface, mid, and photic zone bottom). Zooplankton 
were washed into 125 ml Nalgene™ wide mouth bottle and preserved with a 
sweetened 10% formalin solution for later enumeration and identification (Wetzel & 
Likens, 1991). 
4 .2 Laboratory Analysis 
4.2.1 Chlorophyll a 
Within 24 hours of sampling, chlorophyll a was measured and recorded using the 
trichromatic method of Strickland and Parsons (1972). The integrated water column 
sample filters retained on ice in the dark with 90% alkaline acetone were crushed and 
placed in a centrifuge for one-half an hour. The acetone with the dissolved pigments 
were then poured into Hach matched sample cells and compared with a blank of20 ml 
pure 90% alkaline acetone at wavelengths (A) of630 nanometers (nm), 647 nm, 664 
nm, 665 nm, and 750 nm. The blank and the sample were then acidified and 
.remeasured at 664 nm, 665 nm, and 750 nm. The resulting concentrations were 
obtained by placing the recorded absorbances into the Trichromatic equation to obtain 
chlorophyll a concentrations. 
17 
4.2.2 Water Chemistry 
Triplicate ananalyses were run on all samples. Turbidity, measured in Formazin 
Turbidity Units (FTU), was determined by using the Absorptometric Method using a 
Hach DREL 2000 spectrophotometer. Lake samples were compared in triplicate 
against deionized water blanks (from a Nanopure water purification system used for all 
the analyses) in Hach matched sample cells while exposed to the 450 nm >-. within the 
spectrophotometer. 
Alkalinity was measured using a bromocreosol green-methyl red indicator, with 
50 ml samples of the integrated photic zone, and titrating them with 0.02 N H2SO4 
until the end point was reached. 
Nitrate (NO3) was analyzed using the Cadmium Reduction Method (APHA 1990) 
with Hach Nitra-Ver 5 Accuvac reagents. Separate samples were compared with 
deionized water in the prepared accuvac ampules at the 400 nm >-.. Nitrite (NO2) 
measurements were analyzed by using the Diazotization Method (APHA 1990) with 
Hach Nitri-Ver 3 Accuvac reagents. Similarly, lake samples were measured against 
deionized water in the accuvac ampuls at 507 nm >-. in the spectrophotometer. 
Ammonia (NH3) was analyzed by using Nessler's Reduction. Lake samples and 
deionized water that had been brought to pH 9 with 6 M NaOH, were treated with 
Hach's Mineral Stabilizer and Polyvinyl Alcohol and Nessler's reagent and compared in 
the spectrophotometer at the 380 nm>... 
Soluble Reactive Phosphorus (SRP) was analyzed by using the Ascorbic Acid 
Method ofMurphy and Riley (1962) on filetered water. The samples were compared 
with a deionized water blank after being treated with Hach's Phospho-Ver 5 accuvac 
reagents and measured at the 890 nm >-.. For total dissolved phosphorus (TDP) and 
total phosphorus (TP), 50 ml each of the filtrate from the Chlorophyll a analyses, a 
whole lake sample, and a deionized water blank were digested separately with 
Ammonium Persulfate, (NH4SO4), (Strickland and Parsons, 1972) and then compared 
using Hach's i>hospho-Ver 5 reagents measured at the 890 nm >-.. 
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4.2.3 Biological Samples 
Phytoplankton were settled by placing 500 ml of the integrated water column 
sample into 500 ml plastic graduated cylinders and fixing with Lugol's iodine (Wetzel 
and Likens, 1991 ). After settling for one week, the water was siphoned from the tops 
of the samples until approximately 50 ml were left in the graduated cylinders. 
Homogenized samples were used to prepare slides for counting and identification by 
placing one drop of the sample of a known volume of sample onto a slide. A glass 
cover slip was then placed over the sample and sealed along the edges with clear 
fingernail polish. The phytoplankton on the prepared slides were then identified 
(Prescott, 1982), counted, and measured for volume analysis using a Nikon 
microscope equipped with Hoffinan Modulation Contrast. 
Zooplankton samples were obtained using the Schindler Patalis plankton trap. 
Zooplankton in the samples were counted by placing 10 ml ( collected with a pipet 
from a homogenized sample) of the total sample volume in a plankton counting wheel 
and identified using keys from Pennak (1993). Zooplankton counting and 
identification were aided by the utilization of an Olympus BH2 Microscope equipped 
with an Olympus PM-l0AD Exposure Control Unit and an Olympus C-35AD-4 
Camera (B&B Microscopes, Cincinatti, Ohio). Color slides were taken of the 
zooplankton using Kodachrome 64 and Fugichrome 100 slide films (both worked 
equally well). 
4 .3 Statistics 
The following statistical tests were run: ANOV A, Student's T-Test, Tukey T-
Test, and Scheffe Test. Secchi depth (z80), Turbidity (FTU), Chlorophyll a, 
Alkalinity, Nitrate (plus Nitrite), Ammonia, Soluble Reactive Phosphorus (SRP), Total 
Dissolved Phosphorus (TDP), Total Phosphorus (TP) were all tested for comparison 
between the five study sites on the lake - Deer Creek and Dam Sites, below the 
proposed fertilization area, Bruin and Mid-Lake Sites, within the proposed area, and 
Twin Branch Site, above the proposed area. All statistics were run using SAS on the 
MSU mainframe. 
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5. Results 
Grayson Lake was sampled at the five sites along its length (Figure 5) April 4, 
1993 through July 29, 1993 (a total of 18 weeks). Profiles of the reservoir's water 
column for temperature, conductivity, and dissolved oxygen were taken at each site: 
Deer Creek, Dam, Bruin, Mid-Lake, and Twin Branch. The results of the profiles 
were presented as isopleths (lines of equal value) to present how changes occurred 
throughout the water column over time. Data was collected from the surface to 1 O 
meters (m) at Deer Creek, Bruin, Mid-Lake, and Twin Branch Sites, where as the 
Dam site, data was collected from the surface to 12 m. Temperature and dissolved 
oxygen (D. 0.) measurements, taken at 1 meter ( m) intervals from the surface to the 
bottom, and were placed in 3°C and 2 milligrams per Liter (mgL·1) intervals 
respectively. As for conductivity, the data are placed into graphs showing the highest 
and lowest recorded values as well as the average of the depth intervals. For this 
study, time was measured in Julian Days which starts on day 93 (April 4) and ends day 
210 (July 29). 
5.1 General Seasonal Patterns in Temperature and Dissolved Oxygen 
Overall, the five sites show the standard patterns of a dimictic lake. In early April 
surface temperatures were low and fairly uniform--about l 0°C. Dissolved oxygen 
concentrations were high at this time, averaging greater than 8 mgL • 1 in the surface 
waters and 6 mgL·1 in the cooler bottom waters. As the study season progressed, and 
day length and insolation increased, temperatures started to rise near the surface. A 
weak stratification was evident by mid-May when surface temperatures were 21°c and 
bottom temperatures were 10°C. The thermocline was fully developed by the third 
week of June. As is common in reservoirs, oxygen was depleted in the hypolinmion 
resulting from decomposition (respiration). Oxygen production from phytoplankton 
and surface diffusion of atmospheric oxygen cannot diffuse into the bottom waters 
faster than oxygen is utilized. This is enhanced by the low surface area ( Ao) to depth 
ratio. As a result, all five sites showed the same upward surge of anoxia as the study 
period progressed, and by the end of the study the three upper lake sights even showed 
low dissolved oxygen concentrations in the lower part of the photic 
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zone. At one site, Twin Branch, anoxia (defined in this study as a D.O. < 3 mg L-1) 
reached the photic zone in June at approximately the 5 m mark, and strengthen up to 
the 3 m mark during July. Anoxia also occurred within the photic zone ofBruin and 
Mid-Lake sites, but not until July, and at approximately 4.5 m and 2.7 m mark 
respectively. The surface waters always remained oxidized with the highest 
concentrations found between the 2 to 4 m. 
5. 1.1 Deer Creek 
Surface temperatures and dissolved oxygen concentrations in Deer Creek at the 
beginning of the study period ranged from 11 °c and 9 mg L-1 at the surface down to 
7°C and 5 mgL-1 at a depth of 10 m (bottom). Surface temperature increased steadily 
to day 163 and reached its maximum temperature of 31 °c for this study on day 210. 
Downwardly, temperatures increased to a maximum recorded temperature of 13°C at 
a depth of 10 m, coinciding with surface temperature increase (Figures 5 and 6). First 
signs of stratification were seen on day 148 and reached full strength on day 182. 
Dissolved oxygen concentrations remained relatively high in the upper 8 m of the 
water column until a rapid rise of anoxia over a six week period from the bottom at 10 
m on day 177 to the 6 m mark on day 210. 
5.1.2 Dam 
Much like Deer Creek, the Dam site had initial surface temperature of 11 °c but 
dropped to 5°C at a depth of 12 m. Dissolved oxygen concentrations were isometric 
at about 9 mgL-1. Again, surface temperatures increased to 30°C on day 189 cooled 
and then increased to a maximum of 31 °c on day 21 O; also when the bottom 
temperature peaked at 11 °c at 12 m. Again, the same trend of anoxia was seen 
occurring on day 177 and strengthening from the bottom to the 6 m mark over the last 
six weeks of the study session (Figures 7 and 8). 
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Figure 5: Temperatm:e Isopleths (°C) for Deer Creek, Grayson Lake, 1993. 
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Figure 6: Dissolved Oxygen Isopleths (mgL-1) for Deer Creek, Grayson Lake, 
1993. 
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Figure 7: Temperature Isopleths (°C) for the Dam, Grayson Lake, 1993. 
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Figure 8: Dissolved Oxygen Isopleths (mgL-1) for the Dam, Grayson Lake, 
1993. 
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5.1.3 Bruin 
Bruin had an initial surface temperature of 12°C and a bottom temperature of 
7°C at 10 m. Surface temperatures increased to a maximum of30°C on day 210; 
bottom temperatures increased to 13°C at 10 m (Figure 10). Anoxia strengthened 
from the bottom up to the 4. 5 m mark, but not until the end of the sampling sessions in 
July (Figure 11 ). 
5.1.4 Mid-Lake 
Of the five sites, the Mid-Lake site began with the coolest surface temperature at 
10°C and a bottom temperature of 7°C at 10 m. Surface temperature peaked at day 
188 at 30°C and the bottom temperature reached 14°C at 10 m (Figure 12). Anoxic 
conditions existed at a depth of2.7 m by the end of July (Figure 13). 
5.1.5 Twin Branch 
The Twin Branch site had the highest initial surface temperature with a reading of 
12.4°C; bottom temperature for the study began at 7°C at 10 m (Figure 14). Like the 
Mid-Lake site, Twin Branch's ultimate recorded temperature is 30°C on day 188 
before cooling; the bottom temperature at 10 m at the end of the study was l 4°C. 
Twin Branch was the only site where anoxia reached the photic zone during mid-June 
(at the 5 m mark) and continued to strengthen toward the surface, reaching the 3 m 
mark by the end of the study on day 210 (Figure 15). 
5.2 Nutrient Concentrations 
Major bioavailable nitrogen and phosphorus species were measured from an 
integrated sample of the photic zone (zp) at each site. Concentrations of all species 
tested, NO3, NO2, NH3, SRP, TDP, and TP, were generally low falling in the range 
that would be expected in a mesotrophic system. Conductivity and turbidity were also 
measured, to obtain a general idea on the amount of material dissolved and suspended 
in the water column. 
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Figure 9: Temperature Isopleths (°C) for Bruin, Grayson Lake, 1993. 
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Figure 10: Dissolved Oxygen Isopleths (mgL-1) for Bruin, Grayson Lake, 1993. 
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Figure 11: Temperature Isopleths (°C) for Mid-Lake, Grayson Lake, 1993. 
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Figure 12: Dissolved Oxygen Isopleths (mgL-1) for Mid-Lake, Grayson Lake, 
1993. 
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Figure 13: Temperature Isopleths (°C) for Twin Branch, Grayson Lake, 1993. 
31 
0 
1 
2 JJ 
3 
~--~ 
4 e..c'l:V ~ " -
1o/4c' 
" e
.5 5 
-= 
- d C. 
" ~
6 
7 
~"'fit:' 
8 
9 
90 120 150 180 210 
Julian Days (April 3 to July 29, 1993) 
Figure 14: Dissolved Oxygen Isopleths (mgL-1) for Twin Branch, Grayson Lake, 
1993. 
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5.2.1 Conductivity 
Conductivity was measured from the surface to the bottom at 1 m intervals. The 
results were rank ordered and averaged. The lowest and highest conductivity readings 
as well as the average of all the depth intervals for the day sampled were recorded. As 
seen in all sites, there was a definite trend of increasing conductivity throughout the 
study period even though plateaus and valleys exist in the data. Deer Creek begins 
with an average conductivity of9.3 milliSiemens per meter (mSm-1) to an ending 
average of 18.0 msm-1 (Figure 16). At the Dam site average conductivity begins at 
10.5 msm-1 in April and ends at 17.8 msm-1 the last week of July (Figure 17). Bruin 
had the highest beginning and ending averages of 12.4 msm-1 and 20.0 msm-1 
respectively (Figure 18). Mid-Lake and Twin Branch both had starting averages of 
10.0 msm-1. Mid-Lake conductivity (Figure 19) reached 17.3 msm-1 while the Twin 
Branch site ended the study at 18.0 msm-1 (Figure 20). 
5 .2.2 Nitrogen Species 
Data included in Figures 21, 22, 23, 24, and 25 show that all five sites show a 
generally decreasing trend in oxidized N (NO3 + NO2). Occasional storm episodes 
pulsed in these nutrients--raising their concentration for a short period before they 
were utilized or exported. Dam site (Figure 22) had the highest initial concentration at 
600 mgL-1 where the three upper lake sites of Bruin (Figure 23), Mid-lake (Figure 
24), and Twin Branch (Figure 25) started at 300 mgL-1. Deer Creek site (Figure 21) 
was in between with a starting concentration of 400 mgL-1. By the end of the study, 
Bruin site had an concentration of300 mgL-1 for NO3 + NO2 (attributed to a storm 
event), where as Twin Branch site had a concentration of200 mgL-1, and Mid-lake, 
Dam, and Deer Creek sites finish at 100 mgL-1. Ammonia (NH3) concentrations had 
the highest variance (from a low of 15 mgL-1 to 1265 mgL-1) and no increasing or 
decreasing of concentration trend during the study. It was thought that higher 
concentrations toward the end of the study would be due to the reduction of nitrate 
and nitrite due to the upward progression of anoxia into the photic zone (zp), but the 
overall fluctuation of ammonia concentrations over the whole study did not reflect this 
as being the main premise of nitrate depletion. 
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Figure 15: Conductivity readings for Deer Creek, Grayson Lake, 1993. 
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Figure 16: Conductivity readings for the Dam, Grayson Lake, 1993. 
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Figure 17: Conductivity readings for Bruin, Grayson Lake, 1993. 
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Figure 18: Conductivity readings for Mid-Lake, Grayson Lake, 1993. 
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Figure 19: Conductivity readings for Twin Branch, Grayson Lake, 1993. 
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Figure 20: Nitrogen Species concentrations for Deer Creek, Grayson Lake, 1993. 
Nitrate plus Nitrite (NO3 + NO2) and Ammonia (NH3) 
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Figure 21: Nitrogen Species concentrations for the Dam, Grayson Lake, 1993. 
Nitrate plus Nitrite (NO3 + NO2) and Ammonia (NH3) 
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Figure 22: Nitrogen Species concentrations for Bruin, Grayson Lake, 1993. 
Nitrate plus Nitrite (NO3 + NO2) and Ammonia (NH3) 
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Figure 23: Nitrogen Species concentrations for Mid-Lake, Grayson Lake, 1993. 
Nitrate plus Nitrite (NO3 + NO2) and Ammonia (NH3) 
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Figure 24: Nitrogen Species concentrations for Twin Branch, Grayson Lake, 
1993. Nitrate plus Nitrite (NO3 + NO2) and Ammonia (NH3) 
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5.2.3 Phosphorus Species 
Like nitrate, total phosphorus shows the definite trend of decreasing 
concentration over the study. Initial concentrations of total phosphorus started as high 
as 2500 mgL-1 at the Twin Branch site (Figure 29) to the lowest initial concentration 
of 100 mgL-1 at the Dam site (Figure 26). Ending concentrations were much lower 
with the Mid-lake site (Figure 28) having the highest concentration at 75 mgL-1 and 
Deer Creek (Figure 25) the lowest at 45 mgL-1. Throughout the study, Bruin site 
(Figure 27) concentrations of phosphorus were in between the other sites. From the 
lab tests, total dissolved phosphorus (TOP) was primarily made up of soluble reactive 
phosphorus (SRP or Bio-available phosphorus) and showed no basic trend except for 
the increased concentrations after each of the two storm events. However, TOP 
concentrations did range from 10 mgL-1 to 90 mgL-1 . 
5 .2.4 Alkalinity 
Alkalinity values; mg CaCO3L-1 ; were in the normal range throughout the study 
period, and did not suggest that phytoplankton were carbon limited. In fact, for every 
site there was a steady upward trend in alkalinity. The average of the five sites started 
with an initial concentration of30 mg CaCO3L-1 and ended at 67 mgL-1 . The three 
upper lake sites Bruin, Mid-Lake, and Twin Branch, did have relatively similar 
alkalinity readings that were higher at the beginning and ending of the study period, 
than that of the lower Deer Creek and Dam sites (Figure 30). 
5.2.5 Turbidity 
Turbidity values were measured in Formazin Turbidity Units. Turbidiy is a 
measure of the light dispersion and absorption due to suspended particles within the 
water column. All five sites showed a decreasing trend of turbidity during the study 
period. Mid-Lake had the highest recorded turbidity on day 93 of220 FTU's while all 
sites decreased to the 6 FTU mark sometime during the study. This was evident due 
to the water clarity. Only after two storm events, occurring on days 156 and 210, did 
turbidity values increase for a short time before they decreased again (Figure 31 ). 
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Figure 25: Phosphorus Species concentrations for Deer Creek, Grayson Lake 
1993. Soluble Reactive Phosphorus (SRP), Total Dissolved 
Phosphorus (TDP), and Total Phosphorus (TP) 
45 
250 
-----sRP 
----a- rnp 
200 
--+--TP 
50 
0 
90 120 150 180 210 
Julian Days (April 3 to July 29, 1993) 
Figure 26: Phosphorus Species concentrations for the Dam, Grayson Lake, 
1993. Soluble Reactive Phosphorus (SRP), Total Dissolved 
Phosphorus (TDP), and Total Phosphorus (TP) 
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Figure 27: Phosphorus Species concentrations for Bruin, Grayson Lake, 1993. 
Soluble Reactive Phosphorus (SRP), Total Dissolved Phosphorus 
(TDP), and Total Phosphorus (TP) 
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Figure 28: Phosphorus Species concentrations for Mid-Lake, Grayson Lake, 
1993. Soluble Reactive Phosphorus (SRP), Total Dissolved 
Phosphorus (TDP), and Total Phosphorus (TP) 
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Figure 29: Phosphorus Species concentrations for Twin Branch, Grayson Lake, 
1993. Soluble Reactive Phosphorus (SRP), Total Dissolved 
Phosphorus (TDP), and Total Phosphorus (TP) 
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Figure 30: Alkalinity concentrations for the five sites on Grayson Lake, 1993. 
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Figure 31: Turbidity measurements for the five sites on Grayson Lake, 1993. 
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The pH of the surface water remained circumneutral (pH of?.50±0.37) throughout 
the study period without any noticeable trend, although some variation due to primary 
production/decomposition processes were noted. On day 203, Bruin had the lowest 
recorded pH for the study at 5.94 while Mid-Lake site had the highest recorded pH of 
8.43 on day 163 (Figure 33). 
5.3 Zooplankton 
Sample data for all five study sites yielded a total of seventeen different genera of 
zooplankton including one protozoan, the Difflugia sp. (Appendix 4). The dominant 
multicellular organisms were rotifers at all five sites during the study. Rotifers of the 
Genera, Kerate/la sp. and Polyarthra sp. represented 95% of the total zooplankter 
numbers. Data presorted in Figures 34-43 show separate graphs for the rotifers and 
Difflugia sp. because their population numbers were so much higher than the larger 
zooplankters. Also included in the samples were the Cladocerans (Daphnia sp., 
Bosmina sp., Ceriodaphnia sp., Leptodora kindti, Diphanasoma sp., and Pleuroxus 
sp.), the Copepods (Diaptomus sp. and Cyclops sp.), and the nauplius larvae. As seen 
in all five sites, zooplankton numbers were minimal during the first three to four weeks 
of the study. Rotifer and Di.fflugia sp. numbers increased greatly thereafter. Larger 
zooplankters increased as well, however on a smaller scale. 
5 .4 Phytoplankton 
Over all, thirty-four species of phytoplankton were identified from the samples, 
with 2/3 of the species being diatoms. Of the others, they included fourteen families 
(Appendix 5) of algae (Green, Bluegreen, Golden, and Fire). The same general 
increase in total numbers of zooplankton was also seen by the phytoplankton (Deer 
Creek, Figure 44; Darn, Figure 45; Bruin, Figure 46; Mid-Lake, Figure 47; and Twin 
Branch, Figure 48) over the time of the study. Early in the study, diatoms dominated 
phytoplankton numbers. As the season progressed, green algae did become prevalent, 
but diatoms as well as the other golden algae (Dinobryon sp. ), were found in the 
largest numbers at all five sites. 
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Figure 32: Surface pH measurements for the five sites on Grayson Lake, 1993. 
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Figure 33: Zooplankton in Deer Creek, Grayson Lake, 1993. Keratella sp. and 
Polyarthra sp. represented - 95% of the Rotifer population. 
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Figure 34: Zooplaukton in Deer Creek, Grayson Lake, 1993. Daphnia sp., 
Ceriodaphnia sp., Bosmina sp., and Dianphasoma sp. represented -
95% of the Rotifer population. 
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Figure 35: Zooplankton in the Dam, Grayson Lake, 1993. Keratella sp. and 
Polyarthra sp. represented ~ 95% of the Rotifer population. 
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Figure 36: Zooplankton in the Dam, Grayson Lake, 1993. Daphnia sp., 
Ceriodaphnia sp., Bosmina sp., and Dianphasoma sp. represented -
95% of the Rotifer population. 
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Figure 37: Zooplankton in Bruin, Grayson Lake, 1993. Keratella sp. and 
Polyarthra sp. represented - 95% of the Rotifer population. 
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Figure 38: Zooplankton in Bruin, Grayson Lake, 1993. Daphnia sp., 
Ceriodaphnia sp., Bosmina sp., and Dianphasoma sp. represented -
95% of the Rotifer population. 
59 
200 
- Diftlugia sp. 
180 
-----0-- Rotifers 
160 
140 
,. 
" :s 
Is 120 
... 
., 
-;; 
= 
-= :E 100 
-= 
.!:I 
'S 
,. 80 
" 
"' a 
l 
60 
40 
20 
0 
90 120 150 180 210 
Julian Days (April 3 to July 29, 1993) 
Figure 39: Zooplankton in Mid-Lake, Grayson Lake, 1993. Kerate//a sp. and 
Polyarthra sp. represented - 95% of the Rotifer population. 
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Figure 40: Zooplankton in Mid-Lake, Grayson Lake, 1993. Daphnia sp., 
Ceriodaphnia sp., Bosmina sp., and Dianphasoma sp. represented -
95% of the Rotifer population. 
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Figure 41: Zooplankton iu Twin Branch, Grayson Lake, 1993. Keratella sp. and 
Polyarthra sp. represented - 95% of the Rotifer population. 
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Figure 42: Zooplankton in Twin Branch, Grayson Lake, 1993. Daphnia sp., 
Ceriodaphnia sp., Bosmina sp., and Dianphasoma sp. represented -
95% of the Rotifer population. 
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Figure 43: Phytoplankton in Deer Creek, Grayson Lake, 1993. 
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Figure 44: Phytoplankton in the Dam, Grayson Lake, 1993. 
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Figure 45: Phytoplankton in Bruin, Grayson Lake, 1993. 
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Figure 46: Phytoplankton in Mid-Lake, Grayson Lake, 1993. 
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Figure 47: Phytoplankton in Twin Branch, Grayson Lake, 1993. 
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5.5 Statistical Results 
5.5.1 Secchi Depth (z50) 
A student's t-test suggested minor differences between the mean secchi depth 
( z50) measurements at the five study sites. There were no statistical differences 
between Deer Creek, Dam, Bruin, and Mid-Lake Sites during the 1993 study period. 
Twin Branch on the other hand was statistically different (shallower z50) from the 
Deer Creek and Dam Sites, not between the Bruin and Mid-Lake Sites. The use of 
both Tukey Tests and Scheffe Tests showed no statistical differences when comparing 
all five sites. Analysis of variance with ninety observations gave R-squared value of 
0.077996, F-value of 1.8, and Pr> F of0.1368 (Figure 48, Table 5). 
5.5.2 Turbidity (FTU) 
Student's t-test showed some statistical differences between the five sites when 
comparing turbidity. Deer Creek, Dam, Bruin, and Twin Branch sites were not 
different than one another. Mid-Lake was not statistically different than Twin Branch, 
but was different (higher FTU) than Deer Creek, Dam, and Bruin sites. Use of the 
Tukey Test and Scheffe Test showed no differences between the five sites for 
turbidity. Analysis of variance with ninety observations gave R-squared value of 
0.11592, F-value of2.79, and Pr> F of0.0315 (Table 5). 
5. 5 .3 Alkalinity 
Both the Tukey and Student's t-Test showed the same differences between the 
sites for alkalinity concentrations. Bruin was not statistically different from the other 
four sites, but Deer Creek and Dam Sites were statistically different (lower 
concentrations ofmg CaCO3L-1) than Mid-Lake and Twin Branch sites. The Scheffe 
Test gave relatively the same results, but that both Bruin and Dam sites were no 
different from the rest and that Deer Creek was only statistically different (lower 
concentrations of mg CaCO3L-1) to Mid-Lake and Twin Branch Sites. Analysis of 
variance with ninety observations gave R-squared value of0.20192, F-value of5.38, 
and Pr> F of0.0007 (Table 5). 
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Table 5: Statistical Inferences (ANOVA) for Grayson Lake, 1993. 
Number of Observations R-squared Values F-value Pr>F 
Secchi Depth (z80) 90 0.077996 1.8 0.1368 
Turbidity (FTU) 90 0.11592 2.79 0.0315 
Alkalinity 90 0.201921 5.38 0.0007 
Chlorophyll ex 85 0.060448 1.29 0.2822 
_, 
0 
Nitrate + Nitrite (N03 + N02) 90 0.050347 1.13 0.3495 
Ammonia (NH3) 90 0.021621 0.47 0.7579 
Soluble Reactive Phosphorus (SRP) 90 0.046365 1.03 0.395 
Total Dissolved Phosphorus (TDP) 90 0.127575 3.11 0.0194 
Total Phosphorus (TP) 90 0.056241 1.27 0.2896 
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Figure 48: Secchi depth measurements for the five sites on Grayson Lake, 1993. 
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5. 5 .4 Chlorophyll et 
All three tests show no statistical differences for Chlorophyll et concentrations 
between all five sites. Analysis of variance with ninety observations gave R-squared 
value of0.060448, F-value of 1.29, and Pr> F of0.2822 (Figure 49, Table 5). 
5.5.5 Nitrogen - Nitrate plus Nitrite (NO3 + NO2), Ammonia (NH3) 
All three tests show no statistical differences for nitrate plus nitrite and ammonia 
concentrations between all five sites. Analysis of variance with ninety observations 
gave R-squared values of0.050347 and 0.021621, F-values of 1.13 and 0.47, and Pr> 
F's of0.1368 and 0.7579 respectively (Table 5). 
5.5.6 Phosphorus - Soluble Reactive Phosphorus (SRP), Total Dissolved Phosphorus 
(TDP), Total Phosphorus (TP) 
Test results for all three statistical procedures showed no statistical differences for 
both soluble reactive phosphorus and total phosphorus concentrations between all five 
sites. However, for total dissolved phosphorus (TDP), all three tests show significant 
differences. For the Student's t-Test, Twin Branch is statistically different (greater in 
concentration) Deer Creek, Dam, Bruin, and Mid-Lake (which were not different from 
each other). The Tukey Test showed that only Twin Branch was different (greater in 
concentration) than Deer Creek, and the other three sites were not different from 
either Twin Branch or Deer Creek. With the Scheffe Test, all five sites showed no 
statistical difference from each other. Analysis of variance with ninety observations 
gave R-squared values of0.046365, 0.127575, and 0.056241; F-values of 1.03, 3.11, 
and 1.27; and Pr> F's of0.395, 0.0194, and 0.2896 respectively (Table 5). 
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Figure 49: Chlorophyll a measurements for the five sites on Grayson Lake, 
1993. 
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Chapter 6: Discussion and Conclusion 
6.1 Fertilization Scheme 
Review and analysis of the data from the pre-fertilization study resulted in the 
following proposed fertilization schemes for the two sites to be fertilized, Bruin Site 
(Table 8) and Mid-Lake Site (Table 9), during the four month study period proposed 
for 1994. Even though Deer Creek (Table 6), Dam (Table 7), and Twin Branch 
(Table 10) were not in the proposed fertilization zone, tables were constructed to 
provide insight into the impact of fertilizer application within Grayson Lake. The 
proposed fertilization schemes were developed according to a review and analysis of 
five different components of the data from the pre-fertilization study. This scientific 
analysis of the data provided the basis for determining the amount ofliquid fertilizer 
that would have to be applied to Grayson Lake. In addition to the nutrient 
concentrations established for the lake during the 1993 pre-fertilization study, fertilizer 
application would be necessary to obtain the desired concentration of 1500 
micrograms per Liter of nitrogen (µgL- 1) and 100 µgL- 1 of phosphorus within the 
photic zone (zp) of Grayson Lake. In the literature it was found that Nitrogen should 
be in excess (at least lOx) of phosphorus to keep unwanted blooms ofbluegreen algae 
from forming. 
The first step in establishing the recommended rate of fertilizer to be applied to 
Grayson Lake was accomplished by obtaining the monthly averages for the key 
nutrients at each of the study sites; key nutrients were determined to be Total Nitrogen 
(1N) composed of the Nitrogenous Species (nitrate, nitrite, and ammonia) and Total 
Phosphorus (TP). Steps two and three were involved with the determination of the 
average calculated photic zone depth and calculating the volume in Liters (L) of the 
average photic zone depth in a one hectare (ha) area. Fourthly, calculations were 
made to determine the total weight of the nutrients TN and TP in kilograms (Kg) for 
the average photic zone depth in one hectare of area. Finally, step five was 
accomplished by calculating the amount of fertilizer in Kg to be added to step four in 
order to bring the concentration to the desired 1500 µgL-1ofTN and 100 µgL-1ofTP. 
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Table 6: Proposed fertilization scheme for Deer Creek, Grayson Lake, 1994. 
April May June July 
Avg. TN (NOz,NO3,NH3) µg/L 475.5 461.6 400.5 337.2 
Avg. TP µg/L 87.5 55.4 45.8 41.0 
Avg. Zp (Zsn*2.7) 2.963 7.262 6.563 6.916 
Volume in Liters (Zp*l ha) 29,630,000 72,620,000 65,630,000 69,160,000 
Depth to which DO< 3 mg/L • • • • 
Avg. TN in Kg (in Volume) 14.087 33.521 26.285 23.321 
Avg. TP in Kg (in Volume) 2.592 4.023 3.006 2.836 
Amount N needed in Kg to raise 
Avg. TN to 1500 µg/L in Volume 30.350 75.409 72.160 80.419 
Amount P needed in Kg to raise 
Avg. TP to 100 µg/L in Volume 0.371 3.239 3.557 4.080 
• Does not apply since the DO concentrations in the water do not fall below 3.0 mg/L within the 
photic zone. 
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Table 7: Proposed fertilization scheme for Dam, Grayson Lake, 1994. 
April May June July 
Avg. TN (NO2,NO3,NH3) µg/L 798.0 437.4 484.5 276.2 
Avg. TP µg/L 74.3 52.0 40.0 44.6 
Avg. Zp (Zsn*2,7) 2.780 7.086 6.035 6,534 
Volume in Liters (Zp*l ha) 27,800,000 70,860,000 60,350,000 65,340,000 
Depth to which DO < 3 mg/L • • • • 
Avg. TN in Kg (in Volume) 22.180 30.994 29.240 18.047 
Avg. TP in Kg (in Volume) 2.168 3.685 2.414 2.914 
Amount N needed in Kg to raise 
Avg. TN to 1500 µg/L in Volume 19.520 75.296 61.285 79.963 
Amount P needed in Kg to raise 
Avg. TP to 100 µg/L in Volume 0,612 3.401 3,621 3.620 
• Does not apply since the DO concentrations in the water do not fall below 3,0 mg/L within tbe 
photic zone. 
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Table 8: Proposed fertilization scheme for Bruin, Grayson Lake, 1994. 
April May June July 
Avg. TN (NOz,NO3,NH]) µg/L 330.5 1031.0 438.0 296.8 
Avg. TP µg/L 102.5 58.2 50.0 53.4 
Avg. Zp (ZsD*2.7) 1.985 6.664 6.669 5.714 
Volume in Liters (Zp*l ha) 19,850,000 66,640,000 66,900,000 57,140,000 
Depth to which DO < 3 mg/L • • • appr. 4.5 m 
Avg. TN in Kg (in Volume) 6.560 68.706 29.302 16.959 
Avg. TP in Kg (in Volume) 2.035 3.878 3.345 3.051 
Amount N in Kg needed to raise 
Avg. TN to 1500 µg/L in Volume 23.215 31.254 71.048 68.751 
Amount P in Kg needed to raise 
Avg. TP to 100 µg/L in Volume 2.786 3.345 2.663 
• Does not apply since the DO concentrations in the water do not fall below 3.0 mg/L within the 
pbotic zone. 
- Already exceeds necessary amount of nutrient needed to obtain the desired concentration. 
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Table 9: Proposed fertilization scheme for Mid-Lake, Grayson Lake, 1994. 
April May June July 
Avg. TN (NO2,NO3,NH3) µg/L 378,0 348.2 621.3 420.4 
Avg. TP µg/L 160.8 75.2 67.5 54.0 
Avg. Zp(Zsn*2.7) 1.465 6.956 5,960 6.800 
Volume in Liters (Zp*l ha) 14,650,000 69,560,000 59,600,000 68,000,000 
Depth to which DO < 3 mg/L • • • appr. 2.7 m 
Avg. TN in Kg (in Volume) 5,538 24.221 37.030 28.587 
Avg. TP in Kg (in Volume) 2,3562 5.231 4.023 3,672 
Amount N in Kg needed to raise 
Avg. TN to 1500 µg/L in Volume 16.437 80.119 52.370 73.413 
Amount P in Kg needed to raise 
Avg. TP to 100 µg/L in Volume 1.725 1.937 3,128 
• Does not apply since the DO concentrations in the water do not fall below 3,0 mg/L within the 
photic zone. 
- Already exceeds necessary amount of nutrient needed to obtain the desired concentration. 
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Table 10: Proposed fertilization scheme for Twin Branch, Grayson Lake, 1994. 
April May Jone July 
Avg. TN (N02,N03,NH3) µg/L 397.5 678.2 754.0 536.8 
Avg. TP µg/L 776.0 82.6 80.8 61.8 
Avg. Zp (Z80*2.7) 1.565 5.040 5.425 4.712 
Volume in Liters (Zp*l ha) 15,650,000 50,400,000 54,250,000 47,120,000 
Depth to which DO< 3 mg/L • • appr. 5.0 m appr. 3.0m 
Avg. TN in Kg (in Volume) 6.2217 34.181 40.905 25.294 
Avg TP in Kg (in Volume) 12.144 4.163 4.383 2.912 
Amount N in Kg needed to raise 
Avg. TN to 1500 µg/L in Volume 17.254 41.419 40.470 45.386 
Amonnt P in Kg needed to raise 
Avg. TP to 100 µg/L in Volume 0.877 1.042 1.800 
• Does not apply since the DO concentrations in the water do not fall below 3.0 mg/L within the 
photic zone. 
- Already exceeds necessary amount of nutrient needed to obtain the desired concentration. 
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6.1.1 Bruin Site Fertilization Scheme 
Both the Bruin and Mid-Lake sites in the pre-fertilization study are located within 
the proposed fertilization area of Grayson Lake. Based on the pre-fertilization data for 
the Bruin site, a fertilization scheme for this region of Grayson Lake is presented in 
Table 8. During the pre-fertilization study, the average TN concentrations for April 
and May 1993 were 330.5 and 1031 µgL-1 respectively, and TP concentrations were 
102.5 and 58.2 µgL· 1. Secchi depth averages for the two months were 1.985 m for 
April and 6.664 m for May resulting in total volumes of 19,850,000 Land 66,640,000 
L respectively in calculating the volume of the photic zone for a one hectare area. 
With TN concentrations at 330.5 µgL· 1 and TP concentrations at 102.5 µgL·1 in the 
April study, the volume at the Bruin site was 6.56 Kg of TN and 2.035 Kg ofTP. 
Therefore, as proposed in Table 8, another 23.215 Kg of TN would be needed to 
attain the 1500 µgL·1 of TN but TP concentrations in 1993 exceeded the proposed 
level of 100 µgL· 1 TP for the month of April. Addition of phosphorus was not 
proposed for April at this region of Grayson Lake. For May, 1993 both TN and TP 
volumes were less than the desired levels for both nutrients and the proposed 
fertilization scheme requires the addition of80.119 Kg ofTN and 1.725 Kg ofTP. 
June and July fertilization requirements were also calculated for comparison only, but 
the actual fertilizer applications were projected to end in May 1994. 
6.1.2 Mid-Lake Site Fertilization Scheme 
The Mid-Lake site was the other sampling location in the pre-fertilization study 
considered for fertilizer applications in 1994. Data presented in Table 9 show the 
fertilization scheme proposed for the Mid-Lake region of Grayson Lake. Pre-
fertilization data yielded average TN concentrations for April and May 1993 of378 
and 348.2 µgL-1 respectively, and TP concentrations of 160.8 and 75.2 µgL· 1. Secchi 
depth averages for the two months were 1.465 m for April and 6.956 m for May. 
Based on these data the calculated values generated for total volumes of 14,650,000 L 
for April and 69,560,000 L for the volume of the photic zone for a one hectare area. 
With respect to the average concentrations of TN (378 µgL·1) and TP (160.8 µgL" 1) 
there were 5.538 Kg of TN and 2.356 Kg ofTP in April's volume. Calculations 
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presented in Table 9 show that an additional 16.437 Kg of TN would be added to 
reach the desired level of 1500 µgL-1 of TN. However, calculations show that April's 
volume of TP concentrations exceeded the desired level of 100 µg TP for the month, 
therefore additional TP was not recommended for the Mid-Lake site in April 1994. In 
the month of May, both TN and TP fell below the desired levels proposed for the 
study area and the addition of80.119 Kg of TN and 1.725 Kg ofTP were proposed. 
June and July fertilization requirements have also calculated for comparison purposes 
only, but the actual fertilizer applications were projected to end in May 1994. 
6.2 Conclusion 
Previous studies have provided evidence to show that fertilization oflakes does 
increase initial primary productivity, and in time, overall lake productivity. Studies 
also show that once this process is discontinued, the lake will revert back to its original 
trophic status (Shearer et al,1987; Findlay and Kasian, 1987). Therefore, the 
application of fertilizers to enhance lake productivity would be extremely expensive to 
maintain over time if the only benefit was to promote sport fishing in Grayson Lake. 
If the addition of fertilizers to Grayson Lake is proposed to increase quality and 
quantity of predatory fish species, such as largemouth bass, the following methodology 
should be considered. The application of fertilizer should take place prior to the short 
period of time when largemouth bass fry from the spring spawn are feeding on 
zooplankton. Timing is crucial. Based on documented phytoplankton turnover times, 
fertilizer applications should begin at least two weeks before the fry hatch. This would 
allow the phytoplankton populations to multiply causing a corresponding increase in 
primary productivity. As phytoplankton populations increase, zooplankton 
populations will respond with a rapid growth surge as a result of the increased grazing 
opportunities available to the primary consumers. After the bass fry hatch, and have 
utilized their yolk sack, they will begin to prey upon the abundant zooplankton. This 
is vital for the survivability and future recruitment of young of the year bass into the 
total population. However it is important to recognize that young of the year shad and 
other prey fish species are feeding on the zooplankton. Once the bass fry have 
stopped feeding on zooplankton, fertilizer applications should cease. Reducing the 
zooplankton population at this time will ensure that the forage fish fry ( shad young of 
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the year) will not out grow the bass fry for optimal predation. Young of year bass will 
have an increased chance of survival if this cycle is properly monitored during the 
application of fertilizers. Accordingly, if successful, the application of fertilizer will 
result in a greater number of catchable largemouth bass in Grayson Lake five years 
down the road. Ultimately, the continuation of this practice should eventually lead to 
a greater number of trophy fish. 
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Ann,,ncfix I: Gravson Lake Water O •litv Data 
Julian Dai Date 1993 Site Secchi Deoth (m) 
93 April 03 ueer 0.54 
93 Aoril 03 -iam 0.47 
93 Aoril 03 ruin 0,37 
93 April 03 Mid-Lake 0.16 
93 Aoril 03 Twin Branch 0.17 
100 Aoril 10 neer Creek 0.82 
100 April 10 uam 0.72 
100 Aoril 10 ~ruin 0.47 
100 Aoril 10 Mid-Lake 0.24 
100 April 10 Twin Branch 0.36 
108 Aorill8 -ieer 1.3 
108 Aorill8 nam 1.21 
108 Aprill8 ruin 0.8 
108 Aorill8 Mid-Lake 0.72 
108 Aorill8 Twin Branch 0.72 
II4 ADril 24 ueer 1.73 
II4 Aoril 24 -iam 1.72 
II4 Aoril 24 Bruin 1.3 
II4 April 24 Mid-Lake 1.05 
II4 Aoril 24 Twin Branch 1.07 
122 Mav02 neer Creek 2.13 
122 May02 uam 2.13 
122 Mav02 Bruin 2.03 
122 Mav02 Mid-Lake 2.09 
122 May02 Twin Branch 1.28 
127 Mav07 IJJeer 2.4 
127 Mav07 nam 2.06 
127 May07 Bruin 2.5 
127 Mav07 Mid-Lake 2.72 
127 Mav07 Twin Branch 2.36 
FTU 
24 
23 
36 
227 
87 
15 
16 
32 
69 
37 
II 
12 
20 
16 
16 
8 
9 
II 
14 
14 
9 
8 
15 
IO 
16 
7 
7 
8 
IO 
13 
Alkalinitv SurfaceoH Chloroohvll a Conductivitv (mean 
29 7.21 • 91 
27 7.2 • 104 
22 7.3 • 122 
39 7.25 • 100 
38 7.2 • 99 
30 7.48 6 98 
30 7.28 5 IOI 
29 7.64 10 109 
38 7.62 15 III 
36 7.6 8 107 
30 7.24 2 104 
26 7.29 9 105 
36 7.34 II II3 
40 7.56 9 II4 
34 7.78 13 II8 
40 7.34 9 II6 
38 7.5 7 III 
42 7.39 8 134 
40 7.52 6 139 
48 7.74 8 147 
45.6 7.15 7 114 
48 7.04 15 116 
55 7.13 9 148 
61.5 7.2 II 159 
62 7.41 15 161 
46.7 7.7 7 113 
47.4 7.89 8 113 
57.5 7.72 7 153 
57.5 7.7 14 160 
62.9 7.9 7 151 
00 
00 
An,,,,ndix 1 /Continued) 
Julian Da• Date 1993 Site 
135 Mav 15 Deer 
135 Mav 15 :Jam 
135 Mav 15 Rruin 
135 Mav 15 Mid-Lake 
135 Mav 15 Twin Branch 
142 Mav22 "leer 
142 Mav22 LJam 
142 Mav22 IRruin 
142 Mav 22 IMid-Lake 
142 Mav22 Twin Branch 
148 Mav28 Deer 
148 Mav28 Dam 
148 Mav28 Bruin 
148 Mav28 Mid-Lake 
148 Mav28 Twin Branch 
156 June05 ueer 
156 June05 Dam 
156 June05 Rruin 
156 June05 Mid-Lake 
156 June05 Twin Branch 
163 June 12 Jeer 
163 June 12 am 
163 June 12 ruin 
163 June 12 Mid-Lake 
163 June 12 Twin Branch 
170 June 19 Deer 
170 June 19 Dam 
170 June 19 Bruin 
170 June 19 Mid-Lake 
170 June 19 Twin Branch 
Secchi Denth / m) 
2.79 
2.3 
2.94 
3.08 
1.98 
3.17 
3.08 
2.41 
2.05 
1.57 
2.96 
3.55 
2.46 
2.94 
2.14 
1.62 
2.04 
2.43 
0.87 
1.1 
2.5 
2 
1.95 
2.24 
2.12 
2.85 
2.4 
2.83 
3 
2.66 
ITU Alkalini~ Surface pH Chlorophyll a Conductivity (mean 
6 34.7 7.92 8 123 
6 36.7 7.98 12 120 
8 46 7.76 7 149 
9 52.7 7.75 9 155 
10 50 7.63 3 145 
6 56 7.71 4 130 
5 51.4 7.82 3 127 
7 63.4 7.62 2 154 
7 65.4 7.45 7 147 
15 72.7 7.28 4 156 
5 48 7.92 10 150 
5 62 7.82 4 131 
7 54 7.97 3 161 
16 76 7.78 6 170 
14 70 7.57 3 175 
8 52.4 7.8 3 125 
8 52 7.8 9 138 
9 71.2 7.74 6 168 
18 93.6 6.79 3 183 
23 92 7.46 4 172 
8 55 7.98 7 152 
8 55 7.96 8 156 
16 62 8.16 11 179 
16 64 8.43 9 164 
15 65 8.39 6 154 
6 44.8 7.73 8 152 
7 51.2 7.64 15 163 
12 54.2 6.94 7 165 
20 58.2 7.71 4 166 
26 61 7.97 12 159 
00 
"' 
AnnPndix 1 /Continned) 
JulianDa, Date 1993 Site 
177 June 26 Deer 
177 June 26 Darn 
177 June 26 Bruin 
177 June 26 Mid-Lake 
177 June 26 fwinBranch 
182 Julv 01 Deer 
182 Julv 01 uarn 
182 Julv 01 Rruin 
182 Julv 01 Mid-Lake 
182 Julv 01 Twin Branch 
189 Julv08 Deer 
189 Julv 08 Darn 
189 Julv 08 Bruin 
189 Julv 08 Mid-Lake 
189 Julv 08 Twin Branch 
196 Julv 15 ueer 
196 Julv 15 Darn 
196 Julv 15 Bruin 
196 July 15 Mid-Lake 
196 Julv 15 Twin Branch 
203 Julv 22 rleer 
203 Julv 22 uarn 
203 Julv 22 IBruin 
203 Julv 22 Mid-Lake 
203 Julv 22 Twin Branch 
210 Julv 29 ueer 
210 Julv 29 riarn 
210 July 29 tiruin 
210 Julv 29 Mid-Lake 
210 Julv 29 Twin Branch 
Secchi Deoth Im\ 
2.75 
2.5 
2.7 
2.72 
2.16 
2.72 
2.66 
2.24 
2.91 
1.66 
2.96 
2.79 
1.9 
2.57 
2 
2.41 
2.51 
2.21 
2.71 
1.72 
2.38 
2.31 
1.89 
2.36 
1.82 
2.34 
1.83 
2.34 
2.04 
1.53 
FI'U Alkalinil) Surface pH Chlorophyll a Conductivity (mean 
6 60.2 7.14 3 166 
7 58.6 7.2 5 172 
9 70.2 7.17 11 179 
14 77 7.63 6 163 
20 91.2 7.35 10 169 
6 64.2 7.71 9 163 
7 75.8 7.57 12 153 
11 83.4 7.81 15 167 
16 94 7.9 12 171 
20 92.4 7.95 11 176 
6 50.6 7.25 2 166 
6 58.2 7.1 5 159 
9 68.4 7.05 2 179 
12 76.6 7.23 3 182 
15 80.2 7.31 4 187 
6 51.4 7.3 3 164 
6 55.1 7.21 6 164 
10 69.4 7.23 4 180 
13 73.9 7.4 4 183 
12 70.4 7.27 7 182 
6 47.4 7.3 7 170 
6 54.4 6.76 9 164 
10 70 5.94 8 182 
12 72.2 7.03 7 187 
12 69.4 7.14 10 184 
6 54.6 7.58 2 182 
8 60 7.41 4 184 
18 71.8 7.67 9 204 
59 80.6 7.48 7 185 
44 78.2 7.28 9 192 
"' 0 
An,,.,ndix I /Continued) 
Total Average for the five sites 
SD 
Anril Average 
Mav Average 
June Averaee 
July Avera e 
ueer Creek Average 
SD 
April Average 
~,fav Average 
une Averaee 
July Avera e 
Dam Average 
SD 
April Average 
Mav Average 
June Average 
Julv Averaee 
Secchi Deoth /ml ITU 
1.992333333 16.86667 
0.847784914 25.64282 
0.797 34.85 
2.4448 9.16 
2.272 12.8 
2.2724 13.44 
2.242777778 8.277778 
0. 732763457 4.46972 
1.0975 14.5 
2.69 6.6 
2.43 7 
2.562 6 
2.126666667 8.555556 
0.742697785 4.336181 
1.03 15 
2.624 6.2 
2.235 7.5 
2.42 6.6 
Alkalinill SurfaceoH Chloroohvll a Conductivitv (mean) 
56.51667 7.501888889 7.4 149. 7666667 
18.64315 1.152994063 3.612561575 35.12230016 
34.6 7.424 8.4 112.15 
55.324 7.6328 7.4 143.24 
64.44 7.6495 7.35 162.25 
68.904 7.3152 6.84 176.4 
46.7 7.525555556 5. 705882353 13 7. 7222222 
10.11885 0.280994706 2.695632762 27.35731784 
32.25 7.3175 5.666666667 102.25 
46.2 7.68 7.2 126 
53.1 7.6625 5.25 148.75 
53.64 7.428 4.6 169 
49.26667 7.470555556 8 137.8333333 
12.81401 0.348145439 3.613699424 26.01762223 
30.25 7.3175 7 105.25 
49.1 7.71 8.4 121.4 
54.2 7.65 9.25 157.25 
60.7 7.21 7.2 164.8 
Annendix 1 (Continued) 
Secchi Depth (m) FfU Alkalinit'i Surface pH Chloroohvll a Conductivitv (mean 
Bruin Averaee I. 987222222 13.77778 56.97222 7.421111111 7.647058824 158.1111111 
SD 0.747022278 8.038488 16.03405 0.484376907 3.428962739 25.00864048 
Anril Averaee 0.735 24.75 32.25 7.4175 9.666666667 119.5 
May Average 2.468 9 55.18 7.64 5.6 153 
June Averaee 2.4775 11.5 64.4 7.5025 8.75 172.75 
Julv Avera ,e 2.116 11.6 72.6 7.14 7.6 182.4 
IMid-Lake Averae:e 2.026111111 31 64.45556 7.523888889 7.764705882 157.7222222 
SD 0.94962062 50.22173 17.23979 0.352627264 3.50679025 25.64459128 
Anril Averaee 0.5425 81.5 39.25 7.4875 10 116 
May Average 2.576 10.4 62.62 7.576 9.4 158.2 
June Averaee 2.2075 17 73.2 7.64 5.5 169 
Julv Avera e 2.518 22.4 79.46 7.408 6.6 181.6 
Twin Branch Averaee 1.578888889 22.72222 65.18889 7.568333333 7.882352941 157.4444444 
SD 0.663976982 17.82883 17.91656 0.324623714 3.529411765 26.06023412 
Anril Averaee 0.58 38.5 39 7.58 9.666666667 117.75 
Mav Averaee 1.866 13.6 63.52 7.558 6.4 157.6 
June Average 2.01 21 77.3 7.7925 8 163.5 
Julv Averaee 1.746 20.6 78.12 7.39 8.2 184.2 
Annendix 1 (Continued) 
JulianDa, Date 1993 Site SRP TDP TP Nitrate Nitrite Ammonia TIN 
93 Aoril03 "leer 20 80 170 400 17 153 570 
93 Aoril 03 Dam 30 60 100 600 13 860 1473 
93 Anril 03 IBruin 20 60 140 300 11 140 451 
93 Aoril 03 IMid-Lake 40 40 180 300 4 180 484 
93 April 03 Twin Branch 60 120 2750 300 8 120 428 
100 Aoril 10 "leer Creek 50 60 80 400 2 223 625 
100 Aoril 10 "lam 40 40 70 300 2 430 732 
100 Anri! 10 llruin 20 40 110 100 2 80 182 
100 April 10 IMid-Lake 90 80 270 100 I 1170 1271 
100 Aoril 10 Twin Branch 80 60 160 200 I 180 381 
108 Anrill8 ueer 30 20 60 300 6 15 321 
108 April 18 Dam 10 33 60 300 7 260 567 
108 Aoril 18 Bruin 10 53 100 300 12 85 397 
108 Anril 18 Mid-Lake 20 40 100 300 9 120 429 
108 April 18 Twin Branch 50 47 107 400 8 90 498 
114 Aoril24 Deer 10 20 40 300 6 80 386 
114 Anril24 Dam 30 27 67 300 5 115 420 
114 Aoril24 Bruin 60 33 60 200 7 85 292 
114 Aoril24 Mid-Lake 20 33 93 300 8 20 328 
114 Anril 24 Twin Branch 30 40 87 200 8 75 283 
122 Mav02 _1eer Creek 17 40 47 200 4 85 289 
122 Mav02 "lant 20 40 47 300 5 350 655 
122 Mav02 Bruin 20 27 67 266 9 250 525 
122 Mav02 Mid-Lake 20 27 93 233 6 100 339 
122 Mav02 Twin Branch 20 47 93 200 8 170 378 
127 Mav07 neer 20 33 87 200 4 120 324 
127 May07 _1am 13 47 80 200 5 120 325 
127 Mav07 Bruin 27 67 87 200 4 1265 1469 
127 Mav07 Mid-Lake 27 53 100 200 5 145 350 
127 May07 rwinBranch 20 80 127 200 6 205 411 
Annendix 1 (Continued) 
JulianDm Date 1993 Site SRP 1DP TP Nitrate Nitrite Ammonia TIN 
135 Mav 15 neer 47 27 43 200 4 615 819 
135 May 15 IJant 50 40 53 200 4 240 444 
135 Mav 15 Aruin 27 33 47 200 5 100 305 
135 Mav 15 \Aid-Lake 27 33 53 200 5 285 490 
135 May 15 Twin Branch 10 30 50 200 6 520 726 
142 Mav22 neer 37 33 60 100 4 445 549 
142 Mav22 11am 40 33 40 100 5 110 215 
142 May22 ~ruin 47 33 40 100 5 470 575 
142 Mav22 \Aid-Lake 43 47 60 100 5 130 235 
142 Mav22 Twin Branch 47 63 63 133 1 615 749 
148 May28 ueer 47 20 40 100 2 225 327 
148 Mav28 Dam 60 40 40 100 3 445 548 
148 Mav28 Rruin 33 40 50 66 3 1210 1279 
148 May28 \Aid-Lake 53 40 70 200 7 1120 1327 
148 Mav28 Twin Branch 37 50 80 133 3 990 1126 
156 June 05 neer 47 30 63 100 6 220 326 
156 June 05 uam 40 30 40 100 5 50 155 
156 June 05 Bruin 33 20 45 100 6 120 226 
156 June05 Mid-Lake 53 40 73 166 10 125 301 
156 June05 win Branch 47 50 70 200 13 115 328 
163 June 12 Deer 40 40 55 100 4 635 739 
163 June 12 11am 40 33 45 100 5 515 620 
163 June 12 Kruin 27 20 50 200 8 655 863 
163 June 12 Mid-Lake 30 45 67 200 9 710 919 
163 June 12 TwiuBranch 20 37 43 200 7 840 1047 
170 June 19 Deer 23 45 45 100 3 195 298 
170 June 19 Dam 10 35 45 100 4 460 564 
170 June 19 Bruin 17 60 65 200 4 140 344 
170 June 19 Mid-Lake 30 50 80 400 12 540 952 
170 June 19 Twin Branch 40 80 140 500 14 345 859 
Annendix 1 (Continued) 
JulianDa, Date 1993 Site SRP IDP TP Nitrate Nitrite Ammonia TIN 
177 June 26 !Jeer 33 10 20 100 4 135 239 
177 June 26 1Jam 27 20 30 100 4 495 599 
177 June 26 ~ruin 30 30 40 100 4 215 319 
177 June 26 Mid-Lake 30 40 50 200 8 105 313 
177 June 26 Twin Branch 27 40 70 300 12 470 782 
182 July 01 !Jeer 20 27 40 100 2 175 277 
182 July 01 Dam 20 27 40 100 2 265 367 
182 July 01 Bruin 25 30 50 133 5 125 263 
182 July 01 !Mid-Lake 45 20 70 266 10 200 476 
182 Julv 01 Twin Branch 10 30 90 300 10 210 520 
189 July 08 Deer 20 25 43 100 3 120 223 
189 July 08 Dam 20 30 47 100 3 120 223 
'R 189 July 08 Bruin 20 15 40 100 4 230 334 189 July 08 Mid-Lake 20 25 40 100 9 210 319 
189 July 08 Twin Branch 30 23 47 100 9 200 309 
196 July 15 !Jeer 23 17 37 100 2 130 232 
196 JulY 15 nam 27 27 46 100 2 140 242 
196 July 15 Bruin 35 17 55 100 3 235 338 
196 July 15 Mid-Lake 30 25 45 100 6 230 336 
196 JulY 15 Twin Branch 40 27 50 100 5 210 315 
203 July 22 Jeer 27 30 40 100 2 145 247 
203 July 22 !Jam 33 23 40 100 2 170 272 
203 July 22 Rruin 47 30 65 100 2 255 357 
203 July 22 Mid-Lake 20 17 40 100 4 255 359 
203 July 22 Twin Branch 43 30 55 100 4 950 1054 
210 July 29 neer 20 22 45 100 2 605 707 
210 July 29 !Jam 23 30 50 100 2 175 277 
210 July 29 IRruin 37 20 57 100 2 90 192 
210 July 29 Mid-Lake 50 33 75 300 7 305 612 
210 July 29 Twin Branch 43 40 67 200 6 280 486 
"' V, 
Annendix 1 (Continued) 
Total Average for the five sites 
SD 
Anril Average 
May Average 
June Average 
Julv Avera e 
neer Creek Average 
SD 
Anril Average 
May Average 
une Average 
Julv Avera e 
namAveral!e 
SD 
Anril Average 
Vlav Average 
une Average 
Julv Average 
SRP 
32.23333 
15.49365 
36 
32.36 
32.2 
29.12 
29.5 
12.01041 
27.5 
33.6 
35.75 
22 
29.61111 
13.25451 
27.5 
36.6 
29.25 
24.6 
TDP TP 
37.82222 98.12222 
18.12637 280.8183 
49.3 240.2 
40.92 64.68 
37.75 56.8 
25.6 50.96 
32.16667 56.38889 
16.21813 31.58259 
45 87.5 
30.6 55.4 
31.25 45.75 
24.2 41 
34.16667 52.22222 
9.142392 16.82114 
40 74.25 
40 52 
29.5 40 
27.4 44.6 
Nitrate Nitrite Ammonia TIN 
188.8444 5.611111 310.2889 504.7444 
106.3706 3.344348 284.6772 305.052 
295 6.85 224.05 525.9 
173.24 4.72 413.2 591.16 
178.3 7.1 354.25 539.65 
127.96 4.32 241.2 373.48 
172.2222 4.277778 240.0556 416.5556 
104.3794 3.379769 189.7122 190.216 
350 7.75 117.75 475.5 
160 3.6 298 461.6 
JOO 4.25 296.25 400.5 
100 2.2 235 337.2 
183.3333 4.333333 295.5556 483.2222 
130.1708 2.538591 200.7893 294.1756 
375 6.75 416.25 798 
180 4.4 253 437.4 
100 4.5 380 484.5 
100 2.2 174 276.2 
A"nendix l (Continued) 
SRP IDP TP Nitrate Nitrite Ammonia TIN 
IRruin Averae:e 29.72222 34.88889 64.88889 159.1667 5.333333 319.4444 483.9444 
SD 11.99447 15.27121 26.69351 73.32898 2.905933 354.9252 352.141 
Aoril Averae:e 27.5 46.5 102.5 225 8 97.5 330.5 
M"av Average 30.8 40 58.2 166.4 5.2 659 830.6 
June Average 26.75 32.5 50 150 5.5 282.5 438 
Julv Avera e 32.8 22.4 53.4 106.6 3.2 187 296.8 
Mid-Lake Average 36 38.22222 86.61111 209.1667 6.944444 330.5556 546.6667 
SD 17.35575 14.10499 54.44073 86.63092 2.634646 329.1609 328.286 
Aoril Averae:e 42.5 48.25 160.75 250 5.5 372.5 628 
M,v Average 34 40 75.2 186.6 5.6 356 548.2 
June Average 35.75 43.75 67.5 241.5 9.75 370 621.25 
Julv Avera e 33 24 54 173.2 7.2 240 420.4 
Twin Branch Average 36.33333 49.66667 230.5 220.3333 7.166667 365.8333 593.3333 
SD 17.24336 23.46629 611.9183 103.1547 3.578485 290.4989 274.1464 
Anril Averae:e 55 66.75 776 275 6.25 116.25 397.5 
Msv Average 26.8 54 82.6 173.2 4.8 500 678 
June Average 33.5 51.75 80.75 300 11.5 442.5 754 
Julv Average 33.2 30 61.8 160 6.8 370 536.8 
Appendix 2: Grayson Lake Temperature Data~) 
Depth in meters 
Julian Day Date 1993 Site Surface Im 2m 3m 4m Sm 6m 7m Sm 9m !Om llm 12m 
93 April 03 Deer 10.7 10.4 10.3 10.2 9.7 9.7 9.7 9.3 8.3 6.3 6.2 • • 
93 April 03 Darn 10.7 10.3 IO.I 9.9 9.5 9.5 9.5 8.8 6.5 6.1 5.8 4.2 4.2 
93 April03 Bruin 12 10.8 10.3 9.3 9.3 9.3 9.3 9.2 6.8 6.3 6.2 • • 
93 April03 Mid-Lake 11.3 10.3 9.3 8.8 8.8 8.4 8.3 8 8 7.9 7.8 • • 
93 April 03 Twin Branch 10.3 9.8 9.1 8.6 8.4 8.4 8.4 8.4 8.4 8.3 8.3 • • 
100 April 10 Deer Creek 11.9 11.9 11.9 10.4 10.2 10.1 9.9 9.6 8.4 6.6 6.3 • • 
100 April 10 Dam 11.8 11.9 11.9 11 10.7 10.5 10 9.3 8.2 7.4 6.3 5.7 5.5 
100 April 10 Bruin 13.4 12.3 10.9 9.8 9.6 9.4 9.4 9.4 7.8 6.4 6.3 • • 
100 April 10 Mid-Lake 11.3 10.5 10 10 10 9.9 8.7 8.4 8.2 8 7.9 • • 
100 April 10 Twin Branch 12.5 11 10.9 10.2 IO.I 9.2 9 8.9 8.7 8.6 8.5 • • 
108 April 18 Deer 13.6 12.9 12.5 11.5 11.4 11.3 10.4 9.4 8.3 8.3 6.9 • • 
108 April 18 Dam 13.4 12.8 12.2 12 11.8 10.7 10.5 10.5 8.3 7.4 7 6.3 5.8 
108 April 18 Bruin 14.7 13 13 10.6 10.3 10.2 9.9 9.9 8.5 7.9 7 • • 
108 April 18 Mid-Lake 12.4 12.7 12.3 11.3 10.2 9.6 9.3 8.4 8.4 8.3 8.3 • • 
108 April 18 Twin Branch 13.5 13 12 12 11.2 9.3 9 9 8.9 8.9 8.7 • • 
114 April 24 Deer 15.7 14.6 13.4 12.3 11.7 11.4 11.3 9.6 8.5 8 7 • • 
114 April24 Darn 13.3 13.3 13.3 13.3 12 10.8 10.7 10.7 8.3 7.5 7.3 6.3 6.3 
"' 
114 April24 Bruin 16 14.9 13.9 12.8 11.3 10.9 10 9.9 8.9 8 7,8 • • 
...., 114 April 24 Mid-Lake 14.1 13.9 12.9 11.8 10.3 9.7 9.2 8.9 8.5 8.4 8.3 • • 
114 April 24 Twin Branch 14.4 14 13.4 13 12.4 IO.I 9.9 9.7 9.5 9.5 9 • • 
122 May02 Deer Creek 17.8 17.9 15.9 14 12.9 11.6 11 10.5 9.7 8.3 7.4 • • 
122 May02 Dam 15.9 15.7 15.5 13.4 12.3 10.8 10.8 10.7 8.3 7.8 7.8 6.5 6.3 
122 May02 Bruin 16.5 16 15.5 13.8 12.9 11.2 10.7 10.2 9.1 8.7 8.2 • • 
122 May02 Mid-Lake 15.5 15.5 15 13 10.5 9.8 9.5 9 8.7 8.7 8.3 • • 
122 May02 Twin Branch 18.5 18 16.5 13.5 11.5 11.5 11 11 10.2 9.5 9 • • 
127 May07 Deer 19.3 18.9 18.! 14.6 12.6 11.8 11.9 10.7 9.8 8.7 8 • • 
127 May07 Dam 17 16.4 16 15.7 14.3 11 10.8 10.8 9.7 8.3 8 7.4 7.3 
127 May07 Bruin 17.5 17.3 16.5 14 13 11.9 11.2 10.4 9.2 8.9 8.8 • • 
127 May07 Mid-Lake 18 17.5 17 13.8 11 10 9.5 9 8.9 8.7 8.3 • • 
127 May07 Twin Branch 18.6 18 17.3 17.3 16.5 12.4 11.4 11 10.7 10 9.3 • • 
Appendix 2 (Continued) 
Julian Day Date 1993 Site Surface lm 2m 3m 4m 5m 6m 7m 8m 9m !Om 11m 12m 
135 Mayl5 Deer 20.5 19.3 19 18.8 16.5 12.1 11.2 10 9.4 9.1 8.4 • • 
135 May 15 Dam 19.5 19.1 19 18.3 15 12 10.9 10.8 9.9 8.5 8.4 8.1 8.1 
135 May 15 Bruin 19.9 18.5 18 16 13.4 13.3 12.3 10.4 9.7 9 8.9 • • 
135 Mayl5 Mid-Lake 17.9 17.8 17.3 14.8 12.8 10.8 9.8 9.4 8.8 8.7 8.4 • • 
135 Mayl5 Twin Branch 19 18.8 18.3 18.2 15.5 12.8 11.8 11.2 10.3 10 9.8 • • 
142 May22 Deer 22.2 21 19.5 19.3 17.1 12.6 11.5 10.4 9.8 9.5 9 • • 
142 May22 Dam 20.1 19.8 19.3 19.2 19.1 14.9 13 11.3 10.5 10 9.2 8.6 8.5 
142 May22 Bruin 19.5 19 18.9 18.7 14.8 13.7 12.6 11.3 11.2 10.3 10 • • 
142 May22 Mid-Lake 18.5 18.3 18.2 18.2 17.3 13 11.2 10 9.7 9.4 9 • • 
142 May22 Twin Branch 19.3 19.1 18.8 18.7 17 17 13 11.5 10.3 10.2 10 • • 
148 May28 Deer 23.9 22.3 20 19.9 17.8 14.4 12.5 II.I 10.5 10.8 9.3 • • 
148 May28 Dam 21.8 21.3 21.3 20.6 19.9 16.6 15.3 12.2 10.5 10.4 9.6 8.7 8.6 
148 May28 Bruin 20.1 19.6 19.2 18.9 15 13.9 12.8 11.5 11.3 10.8 10.1 • • 
148 May28 Mid-Lake 20.3 20.2 19.2 19 18.2 13.9 13.5 12.8 11 10.2 9.9 • • 
148 May28 Twin Branch 21 20.8 20.5 20.6 17.8 15.8 15.3 13.4 11.3 10.3 10 • • 
156 June OS Deer 25.1 24.5 21.5 19.5 19.2 17 14.5 11.5 10.8 10.7 9.5 • • 
156 June OS Dam 23.1 23 22.7 22.6 20.4 18.2 16.9 12.7 10.7 10.5 10 8.9 8.8 
156 June05 Bruin 23.2 22.9 20.4 19.7 15.5 13.9 13 12 11.7 10.9 10.4 • • 
"' 00 156 June 05 Mid-Lake 21.4 20.9 19.8 19.5 19 14.8 13.8 13 12.2 10.8 10.3 • • 
156 June 05 Twin Brandi 23.2 22.4 21.3 20.8 18 16.1 15.7 13.8 12.7 12.6 10.8 • 
163 Jwe 12 Deer 27 26.1 24.5 20.3 20 17.5 16.2 12.5 11.7 10.9 9.8 • • 
163 June 12 Dam 26.9 26.5 25 23 20.7 19.5 18 13.8 10.8 10.6 10 9.1 8.9 
163 June 12 Bruin 25.5 23.8 21.5 21.5 16 13.9 13.7 12.4 11.9 11 10.9 • • 
163 June 12 Mid-Lake 24.9 24.5 23.5 21 19.8 14.9 14 13.1 12.4 11 10.5 • • 
163 June 12 Twin Branch 25 24.5 24 21 19.5 17 16.3 15.5 13.8 12.9 11.9 • • 
170 June 19 Deer 28.5 28 27.5 24.1 21.7 18 17.5 14.8 13.2 12.1 10.1 • • 
170 Jwte 19 Dam 28.5 27.6 27.5 24.5 21 18.5 16.7 14.8 13.2 12.3 11.2 11 10.2 
170 June 19 Bruin 27.5 27.5 26.5 23 20.5 16.9 15.7 14.9 13.8 12.5 11.4 • • 
170 June 19 Mid-Lake 26.1 26.1 25.5 22.2 20 18.2 15.5 14.2 13 11.6 11 • • 
170 June 19 Twin Branch 26.6 26 25.l 21.5 19.9 18.8 17 15 14.1 13.5 12 • • 
Appendix 2 (Continued) 
Julian Day Date 1993 Site Surfaoe Im 2m 3m 4m Sm 6m 7m 8m 9m !Om llm 12m 
177 June 26 Deer 28 28 28 26 21 18.5 16.5 15 14 12.5 I 1.3 • • 
177 June26 Dam 28 27.9 27.5 24 20.2 18 16 14.9 14.3 13.4 11.4 11 10.2 
177 June26 Bruin 27 27.5 27.5 24.9 22 19 18.1 15.2 14 12.9 12.5 • • 
177 JWte26 Mid-Lake 26.9 27 27.1 24 21.5 18 15.7 14.6 13 12.1 11.6 • • 
177 Jwie26 Twin Branch 26.4 27 26.4 23.5 21.5 18.5 17 15.1 14.1 13.5 12.6 • • 
182 July0l Deer 28.6 28.1 27.5 27.4 23.2 19.3 17.5 16 14.5 13 11.4 • • 
182 July0l Dam 29 28.3 28.2 24 20.5 18 16.5 15 13.5 12.5 11.5 11 10.5 
182 July0l Bruin 28 27.5 27.5 25.5 22.5 19.5 17.5 16 14.5 13 12.8 • • 
182 July0l Mid-Lake 28 27.5 27 26 22.2 18 16.6 15.2 13.5 12.9 11.9 • • 
182 July0l 1\vin.Branch 27.5 27 26.5 25 23 19.5 18 16 14.5 14.5 13 • • 
189 July 08 Deer 29 29.5 29.1 28.3 24.5 20.4 18 16.2 14.7 13.5 11.7 • • 
189 July 08 Dam 30.5 30.3 29 24.5 21 19.5 16.2 15 14 12.5 11.5 11.1 10.9 
189 July 08 Bruin 28.8 28.6 28.5 28.5 25 21 19 16.5 15.5 13.8 13 • • 
189 July08 Mid-Lake 30.5 30 27 26 21 18.5 17 15.5 13.5 13 12 • • 
189 July08 Twin Branch 30.5 30 29 27 24.5 21 19 17 15.5 14 13 • • 
196 July 15 Deer 29.2 29.7 29.5 29.5 25.1 21.9 19.3 17 15.1 13.9 11.4 • • 
196 July 15 Dam 29.3 28.6 28.3 27.4 22.1 19.7 16.5 15 14.7 13.8 12.9 11.1 11.3 
'O 196 July 15 Bruin 29 29.2 29 28.8 24.9 21.1 19 16.7 15.6 13.9 13.1 • • 
'O 
196 July 15 Mid-Lake 28.5 28.9 28.7 26.1 24.9 18.6 16 16 13.5 12 11.9 • • 
196 July 15 Twin Branch 28.8 29 28.5 27.8 25.5 22 19.8 17.6 15 14 13.2 • • 
203 July22 Deer 30.1 30 29.9 29.7 26 22.8 19.5 17 15.3 13.7 12.5 • • 
203 July22 Dam 29.4 28.9 28.5 27.8 24.5 21.7 18.9 16.1 14.8 13.8 12.9 11.8 11.3 
203 July22 Bruin 29.2 29.1 29 28.5 26 21.8 19 16.8 14.8 14 13.2 • • 
203 July22 Mid-Lake 29.2 28.7 28.1 26.3 25 22.2 19.3 15.2 15 13.7 12.7 • • 
203 July22 Twin Branch 29 28.5 28.5 28.1 26.5 23 19.9 17.6 16.7 14 13.3 • • 
210 July29 Deer 30.5 30.5 30.4 30.1 26.5 23.6 19.6 17.1 15.6 13.6 • • • 
210 July29 Dam 30.4 30.4 30 29.1 26.5 23.6 20.1 17.5 15.6 13.8 13.1 • • 
210 July29 Bruin 30.2 30 29.7 28.1 26.2 24.6 20.6 17.8 15.7 14.3 13.4 • • 
210 July29 Mid-Lake 29.4 29.3 27.8 26.6 25.3 22.6 21.8 17 15.9 • • • • 
210 July29 Twin Brandi 28.6 28.4 27.4 26 24 22.5 22.4 22.1 15.3 14.3 13.4 • • 
Appendix 2 (Continued) 
Surface Im 2m 3m 4m Sm 6m 7m Sm 9m !Om llm 12m 
Total Average for the five sites 22.0567 21.6456 20.9867 19.6644 18.1376 15.4311 14.13 12. 7733 11.5733 10. 7045 9.977273 8.635294 8.394!18 
SD 7.14181 7.24115 7.19779 6.9!109 5.86361 5.o5556 4.2841 3.56041 3.16176 3.03191 2.565849 2.23342 2.133065 
April Average 12.85 12.215 11.68 10.94 10.88 9.92 9.62 9.265 8.27 7.705 7.345 5.625 5.45 
May Average 19.124 18.644 17.992 16.892 14.988 12.752 11.78 10.824 9.94 9.392 8.924 7.86 7.76 
Jtme Average 25.94 25.585 24.64 22.33 19.87 17.26 15.89 13.94 12.77 11.915 10.96 10 9.525 
July Average 29.248 29.04 28.504 27.284 24.256 21.056 18.68 16.596 14.892 13.5625 12.03333 11.25 ll 
Deer Creek Average 22.8667 22.4222 21.5833 20.3278 18.6706 15.7778 14.3333 12.65 11.5333 10.5278 9.188235 • • 
SD 6.46521 6.62399 6.72592 6.86398 5.30702 4.50772 3.53428 2.94642 2.65225 2.45488 1.961357 • • 
April Average 12.975 12.45 12.025 ll.l 11.l 10.625 10.325 9.475 8.375 7.3 6.6 • • 
May Average 20.74 19.88 18.5 17.32 15.38 12.5 11.62 10.54 9.84 9.28 8.42 • • 
Jtme Average 27.15 26.65 25.375 22.475 20.475 17.75 16.175 13.45 12.425 11.55 10.175 • • 
July Average 29.48 29.56 29.28 29 25.06 21.6 18.78 16.66 15.04 13.54 11.75 • • 
..... 
0 Dam Average 22.1444 21.7833 21.4056 20.0167 18.3529 15.75 14.2944 12.7722 11.2111 10.3667 9.661111 8.635294 8.394118 0 
SD 6.89784 6.83498 6.69739 5.9838 4.59579 4.36937 3.37367 2.47067 2.71782 2.53837 2.261794 2.23342 2.133065 
April Average 12.3 12.075 11.875 11.55 11.5 10.375 10.175 9.825 7.825 7.1 6.6 5.625 5.45 
:May Average 18.86 18.46 18.22 17.44 16.12 13.06 12.16 11.16 9.78 9 8.6 7.86 7.76 
Jtme Average 26.625 26.25 25.675 23.525 20.575 18.55 16.9 14.05 12.25 11.7 10.65 10 9.525 
July Average 29.72 29.3 28.8 26.56 22.92 20.5 17.64 15.72 14.52 13.28 12.38 11.25 11 
Bruin Average 22.llll 21.5278 20.8778 19.5778 17.5824 15.3056 14.l 12.8056 l 1.6667 10.7 10.22222 • • 
SD 5.99564 6.3972 6.55359 6.67504 5.65573 4.62931 3.74537 2.93134 2.86298 2.58715 2.408447 • • 
April Average 14.025 12.75 12.025 10.625 10.4 9.95 9.65 9.6 8 7.15 6.825 • • 
May Average 18.7 18.08 17.62 16.28 13.82 12.8 11.92 10.76 10.l 9.54 9.2 • • 
Jtme Average 25.8 25.425 23.975 22.275 18.5 15.925 15.125 13.625 12.85 11.825 11.3 • • 
July Average 29.04 28.88 28.74 27.88 24.92 21.6 19.02 16.76 15.22 13.8 13.1 • • 
Appendix 2 (Continued) 
Surface Im 2m 3m 4m 5m 6m 7m 8m 9m !Om llm 12n 
Mid-Lake Average 21.34444 21.0889 20.3167 18.8 17.5882 14.4944 13.26ll 12.0944 11.2333 10.3176 9.888235 • • 
SD 6.551948 6.63609 6.50062 6.12699 5.48312 4.47344 3.91566 3.05786 2.53048 1.8993 1.655253 • • 
April Average 12.275 11.85 ll.125 10.475 10.1667 9.4 8.875 8.425 8.275 8.15 8.075 • • May Average 18.04 17.86 17.34 15.76 13.96 11.5 10.7 10.04 9.42 9.14 8.78 • • June Average 24.825 24.625 23.975 21.675 20.075 16.475 14.75 13.725 12.65 ll.375 10.85 • • July Average 29.12 28.88 27.72 26.2 23.68 19.98 18.14 15.78 14.28 12.9 12.125 • • 
Twin Branch Average 21.81667 21.4056 20.75 19.6 18.4941 15.8278 14.66ll 13.5444 12.2222 11.5889 10.87778 • • 
SD 6.190966 6.36479 6.36983 5.97932 5.07305 4.75661 4.21494 3.64085 2.61461 2.20678 1.843775 • • 
April Average 12.675 11.95 11.35 10.95 11.2333 9.25 9.075 9 8.875 8.825 8.625 • • May Average 19.28 18.94 18.28 17.66 15.66 13.9 12.5 11.62 10.56 10 9.62 • • June Average 25.3 24.975 24.2 21.7 19.725 17.6 16.5 14.85 13.675 13.125 11.825 • • July Average 28.88 28.58 27.98 26.78 24.7 21.6 19.82 18.06 15.4 14.16 13.18 • • 
-0 
-
Appendix 3: Grayson Lake Dissolved Oxygen Data in milligrams per Liter 
Julian Day Date 1993 Site Surface Im 2m 3m 4m Sm 6m 7m 8m 9m !Om llm 12m 
93 April 03 Deer 9.01 8.91 8.9 9 8.9 8.9 8.9 8.9 8.15 s 4.9 • • 
93 April 03 Dam 9.22 9.ll 8.85 8.98 8.72 8.8 8.81 9.05 9.03 9.25 9.25 9.31 9.2 
93 April 03 Bruin 8.72 8.81 8.73 8.52 8.23 8.21 8.12 8.21 8.45 7.62 7.61 • • 
93 April 03 Mid-Lake 8.51 8.52 8.15 8.32 8.17 8.23 8.07 8.21 8.15 7.35 7.22 • • 
93 April 03 TuinBrandt 8.91 8.77 8.72 8.78 8.53 8.65 8.34 8.22 8.37 5.03 4.99 • • 
100 April 10 Deer Creek 9.3 9.2 9.1 9.2 9.1 9.2 8.6 8.77 8.63 6.02 4.97 • • 
100 April 10 Dam 8.81 8.83 8.92 8.71 8.86 8.83 8.94 9.23 9.14 9.17 9.2 9.27 9.11 
100 April 10 Bruin 8.63 8.72 8.67 8.63 7.99 7.57 7.49 7.47 7.43 7.41 7.33 • • 
100 April 10 Mid-Lake 9.53 9.01 8.33 8.49 8.47 8.46 8.42 8.54 8.62 7.21 6.99 • • 
100 April 10 TuinBrandt 9.2 9.25 9.15 9.21 8.73 8.81 8.8 7.81 6.34 s.ss 5.37 • • 
108 April 18 Deer 9.81 9.8 9.51 9.S 9.44 9.4 9.3 9.3 9.01 6.37 5.01 • • 
108 April 18 Dam 9.81 9.71 9.72 9.53 9.53 9.41 9.43 9.27 9.22 9.02 8.99 9.04 9.01 
108 April 18 Bruin 9.62 9.83 9.54 9.SS 9.25 9.22 8.21 7.85 7.56 7.37 7.26 • • 
108 April 18 Mid-Lake 10 9.61 9.SS 9.59 9.47 9.42 8.03 7.78 7.44 6.98 6.47 • • 
108 April 18 TuinBranch 10.6 10.4 9.44 8.24 8.23 7.98 7.87 5.53 s.s 5.36 5.01 • • 
ll4 April 24 Deer 10.4 10.4 10.4 10 9.42 7.81 7.63 7.45 7.21 6.97 4.83 • • 
ll4 April 24 Dam 10 10 10.2 10.1 10.2 10 9.81 8.63 8.63 8.61 8.62 8.6 8.41 
ll4 April 24 Bruin 10.4 10.4 10.2 10.2 9.88 9.45 8.23 7.68 7.42 7.23 7 • • 
...... ll4 April 24 Mid-Lake 10.8 10.6 10.4 10.2 9.83 9.87 8.42 6.6 6.27 6.09 6.01 • • 0 
N ll4 April 24 TuinBranch 10.4 10.4 10.4 JO 9.42 7.81 7.63 7.45 7.21 6.97 4.83 • • 
122 May02 Deer Creek 9.57 9.41 9.97 10.2 9.41 9.2 8.4 8 7.92 7.83 7.4 • • 
122 May02 Dam 9.68 9.61 9.53 9.1 9.21 9.64 8.93 8.21 7.81 7.44 7.23 7.61 7.6 
122 May02 Bruin 9.83 9.92 10.S 10.2 9.88 8.91 8.21 7.52 6.93 5.87 5.43 • • 
122 May02 Mid-Lake 9.21 9.33 9.43 JO.I 9.48 8.64 8.43 8.23 6.24 5.87 5.2 • • 
122 May02 Twin Branch 10.9 JO.I 10.7 9.81 8.85 8.67 8.13 7.92 7.13 5.23 4.64 • • 
127 May07 Deer 10.6 10.4 10.2 10.8 9.93 9.8 8.97 8.8 7.99 7.9 7 • • 
127 May07 Dam 9.8 9.95 10.4 9.7 8.7 8.5 7.6 7.5 6.53 6.55 6.65 6.78 6.8 
127 May07 Bruin 9.4 9.55 9.67 10.6 10.4 8.31 8.05 6.9 6 4.6 4.2 • • 
127 May07 Mid-Lake 10.6 10.6 10.2 11.1 9.71 8.83 8.4 7.4 S.66 4.37 3.22 • • 
127 May07 Twin Branch 10.2 10.2 9.95 10.8 9.31 8.43 7.75 6.7 6.17 4.87 3.51 • • 
Appendix 3 (Continued) 
Julian Day Date 1993 Site Surface Im 2m 3m 4m Sm 6m 7m 8m 9m !Om 11 m 12m 
135 May 15 Deer 11.4 11.1 10.7 11 12.3 12.4 11.7 10.4 7.55 7.31 6.6 • • 
135 Mayl5 Dam 11.9 12 11.7 11.7 13.2 13 11.8 9.41 8.82 8.33 7.62 7.81 7.77 
135 Mayl5 Bruin 10.8 10.8 10.2 11.2 11.2 10.6 8.12 7.33 5.55 5.22 4.9 • • 
135 May 15 Mid-Lake 10.6 10.6 10.8 10.4 8.83 8.75 6.93 5.86 5.23 4.22 3.97 • • 
135 May 15 Twin Branch 10.4 10.4 10 8.88 7.01 6.63 5.32 4.77 3.74 2.87 2.64 • • 
142 May22 Deer 11.6 11.2 11.3 11.1 11 12.4 12.8 9.5 7.71 7 5.21 • • 
142 May22 Dam 11.8 11.7 11.4 11.5 11 12.5 12 9.92 8.57 6.84 6.68 6.53 6.05 
142 May22 Bruin 12 11.8 11.6 11.8 11.3 II.I 8.4 6.4 5.51 4.2 3.5 • • 
142 May22 Mid-Lake 12 11.8 11.6 11.8 11.3 10.2 8.49 6.48 5.51 4.27 3.5 • • 
142 May22 1\vinBranch 10 9.61 9.35 6.5 6.3 5.445 3.91 3.54 2.65 2.15 1.38 • • 
148 May28 Deer 11 11.1 11.3 11.4 11.5 12.7 13 11.2 7.1 6.54 3.92 • • 
148 May28 Dam 12.2 12 I 1.7 11.8 11.8 13.3 12.4 9.83 9.41 6.83 6.61 6.25 5.67 
148 May28 Bruin 11.8 12 11.8 12.3 12.4 8.95 8.23 6.12 3.64 3.05 3.01 • • 
148 May28 Mid-Lake 11.3 11.4 11.2 11.3 7.72 5.91 5 4.45 3.87 2.73 1.88 • • 
148 May28 Twin Brandl I I.I 11 10.8 10.2 5.95 5.8 5.55 2.8 2.1 1.6 1.35 • • 
156 June 05 Deer 10.6 10.2 10.1 9.71 9.83 10.2 11 9.73 7.52 5.51 4.5 • • 
156 June 05 Dam 9.91 9.96 9.93 9.87 9.85 6 5.8 5.96 5.54 5 6.23 4.97 4.71 
156 JW1e 05 Bruin 10 10.1 9.63 9.62 8.74 5.96 4.63 3.51 2.72 1.7 1.23 • • 
~ 156 JW1e 05 Mid-Lake 8.83 8.47 8.31 7.72 7.43 7.28 6.89 3.81 2.27 1.46 0.91 • • 0 156 June 05 Twin Branch 9.93 9.96 7.67 7.83 6.24 6.37 3.82 3.67 2.99 2.07 1.4 • • w 
163 Jwte 12 Deer 10.2 10.4 10.5 10.5 9.93 8.8 7.56 9.21 8.81 5.2 3 • • 
163 JW1e 12 Dam 10.4 10.4 10.8 8.63 5.61 4.53 4.37 4.34 4.31 3.97 3.89 4.47 4.45 
163 June 12 Bruin 10.4 10.2 12.2 12.4 7.82 5.51 3 4.13 3.83 1.39 1.21 • • 
163 June 12 Mid-Lake 10.7 10.5 10.7 10.5 6.38 6.52 4.87 3.8 2.3 1.62 1.2 • • 
163 June 12 Twin Branch 10.3 9.47 8.2 7.23 5.2 5.45 4.21 3.99 3.26 2.7 1.4 • • 
170 June 19 Deer 10.2 9.73 9.45 10.5 10.6 9.72 7.85 6.61 6.73 5.31 0.7 • • 
170 June 19 Dam 9.73 9.73 9.54 10.6 10.5 7.03 5.12 3.7 4.01 2.85 2.67 2.81 2.83 
170 June 19 Bruin 9.83 9.64 11.8 11.6 8.81 8.92 3.41 2.89 1.47 1.36 1.21 • • 
170 June 19 Mid-Lake 9.63 9.72 9.75 8.51 4.12 4.1 3.96 3.48 1.82 1.37 1.26 • • 
170 JW1e 19 Twin Brandi 10 9.8 9.82 6.23 4.47 3.95 3.64 3.82 3.17 1.63 1.32 • • 
Appendix 3 (Continued) 
Julian Day Date 1993 Site Surface Im 2m 3m 4m Sm 6m 7m 8m 9m !Om 11m 12m 
177 June 26 Deer 9.31 9.37 9.26 10.6 10.4 9.32 6.27 5.87 4.71 2.31 2 • • 
177 Jwie 26 Dam 9.51 9.14 8.73 10 11.1 9.42 3.87 2.61 2.53 2.1 2.03 2.02 1.99 
177 June26 Bruin 9.91 9.32 9.35 11.9 10 3.21 1.73 1.56 1.34 1.15 1.12 • • 
177 June26 Mid-Lake 9.82 9.14 9.62 9.43 3.42 1.57 1.79 1.92 1.36 1.12 1.1 • • 
177 June 26 Twin Branch 9.72 9.34 9.43 5.78 2.63 1.77 1.78 1.74 1.42 1.42 1.42 • • 
182 July 01 Deer 8.56 8.34 8.2 8.05 9.37 8.81 5.55 3.32 3.41 3.35 1.94 • • 
182 July 01 Dam 8.29 8.43 8.47 8.27 9.23 8.68 2.43 1.67 1.84 1.81 1.81 1.16 1.24 
182 JulyOI Bruin 9.27 9.31 9.1 9.64 8.13 5.92 1.87 1.3 1.22 1.12 0.99 • • 
182 July OJ Mid-Lake 9.18 8.93 9.27 9.16 1.23 0.83 0.79 0.78 0.72 0.67 0.64 • • 
182 JulyOI Twin Branch 9.2 9.47 8.92 2.23 0.88 0.77 0.69 0.74 0.74 0.75 0.74 • • 
189 July 08 Deer 8.87 7.75 7.43 7.97 9.63 8.92 5.75 3.23 2.61 2.11 1.74 • • 
189 July08 Dam 8.45 8.47 8.13 8.69 9.72 9.13 1.75 1.65 1.12 1.06 1.01 I.OJ 0.98 
189 July08 Bruin 9.26 9.28 9.17 9.43 4.35 2.21 I 0.822 0.81 0.81 0.8 • • 
189 July08 Mid-Lake 8.93 9.19 9.17 9.36 0.98 0.93 0.87 0.84 0.84 0.83 0.81 • • 
189 July08 Twin Brandt 9.4 9.56 8.92 3.17 1.62 1.23 1.11 1.13 1.12 1.08 1.07 • • 
196 July 15 Deer 8.71 8.95 8.86 8.73 10.6 9.12 5.71 2.63 1.61 1.52 1.05 • • 
196 July 15 Dam 8.83 8.8 8.93 9 9.47 9.63 3.18 1.49 0.98 0.9 0.9 0.89 0,89 
196 July 15 Bruin 8.52 8.8 8.73 9.81 5.75 1.21 1.1 0.98 0.94 0.88 0.82 • • 
.... 196 July 15 Mid-Lake 8.93 9.05 9.11 9.23 0.97 0.89 0.87 0.84 0.83 0.82 0.79 • • 2 196 July 15 Twin Branch 8.75 9 8.81 3.2 1.09 0.89 0.8 0.8 0.8 0.8 0.8 • • 
203 July22 Deer 7.89 7.97 8.01 8.47 9.08 9.01 4.69 2.07 1.67 1.45 1.04 • • 
203 July22 Dam 8.11 8.36 8.42 9.2 9.61 9.25 3.2 1.61 1.25 1.15 1.1 1.07 
203 July22 Bruin 9.21 9.2 9.31 9.33 3.91 1.7 1.05 0.8 0.8 0.79 0.77 • • 
203 July22 Mid-Lake 9.79 9.82 9.72 9.75 0.98 0.97 0.88 0.81 0.8 0.79 0.78 • • 
203 July22 Twin Brandi 9.5 9.69 9.49 5.13 1.19 I.OS 1.05 I.II I.I 1.12 I.II • • 
210 July29 Deer 7.38 7.44 7.36 7.41 7.83 6.96 1.28 0.91 0.85 0.91 • • • 
210 July29 Dam 7.22 7.3 7.41 7.54 7.4 6.45 4.19 0.48 0.17 0.23 0.28 • • 
210 July29 Bruin 7.99 7.83 8.12 6.5 2.41 0.44 0.33 0.25 0.25 0.19 0.19 • • 
210 July29 Mid-Lake 7.68 7.05 2.72 2.16 0.99 0.44 0.31 0.79 1.47 • • • • 
210 July29 Twin Branch 7.52 7.15 4.2 1.21 1.24 1.91 1.8 1.72 0.1 0.13 0.25 • • 
Appendix 3 (Continued) 
Surface Im 2m 3m 4m Sm 6m 7m Sm 9m !Om 11m 12m 
Total Average for the five sites 9.730444 9.63989 9.485 9.13156 7.83824 7.19583 5.92656 5.18069 4.592 3.94135 3.526591 5.270588 5.159412 
SD 1.777004 1.76364 1.97245 2.53085 3.42925 3.4948 3.46301 3.24055 3.04418 2.74322 2.639594 3.102057 3.052273 
April Average 9.584 9.514 9.344 9.2375 9.188 8.8015 8.4525 8.0975 7.889 7.029 6.593 1.811 1.7865 
May Average 10.7876 10.7032 10.64 10.6116 9.9076 9.5446 8.6608 7.4076 6.2136 5.3476 4.69 1.3992 1.3556 
JW1e Average 9.9465 9.7295 9.7395 9.458 7.654 6.2815 4.7785 4.3175 3.6055 2.562 1.99 0.7135 0.699 
July Average 8.6176 8.6056 8.2392 7.3056 5.1064 4.294 2.09 1.31088 1.122 1.05292 0.931739 0.1652 0.1644 
Deer Creek Average 9.689444 9.53722 9.475 9.67444 9.96294 9.59278 8.05333 6.99444 6.06611 4.92278 3.871176 • • 
SD 1.136327 1.12561 1.16795 1.16337 1.00973 1.47405 2.89069 3.10855 2.70098 2.29692 2.09935 • • 
April Average 9.63 9.5775 9.4775 9.425 9.32 8.8275 8.6075 8.605 8.25 6.09 4.9275 • • 
May Average 10.834 10.642 10.694 10.9 10.828 11.3 10.974 9.58 7.654 7.316 6.026 • • 
June Average 10.0775 9.925 9.8275 10.3275 10.19 9.51 8.17 7.855 6.9425 4.5825 2.55 • • 
July Average 8.282 8.09 7.972 8.126 9.302 8.564 4.596 2.432 2.03 1.868 1.4425 • • 
-0 Dam Average 9.648333 9.63889 9.59889 9.60667 9.70529 9.11667 6.86833 5.80889 5.495 5.06167 5.042778 5.270588 5.159412 u, 
SD 1.29409 1.25038 1.21309 1.15674 1.63594 2.21749 3.40651 3.43817 3.3617 3.20532 3.180302 3.102057 3.052273 
April Average 9.46 9.4125 9.4225 9.33 9.53 9.26 9.2475 9.045 9.005 9.0125 9.015 9.055 8.9325 
May Average 11.076 11.052 10.946 10.76 10.782 11.388 10.546 8.974 8.228 7.198 6.958 6.996 6.778 
June Average 9.8875 9.8075 9.75 9.775 9.265 6.745 4.79 4.1525 4.0975 3.48 3.705 3.5675 3.495 
July Average 8.18 8.272 8.272 8.54 9.086 8.628 2.95 1.38 1.072 I.OJ 1.02 1.0325 1.0275 
Bruin Average 9.755 9.75056 9.90667 10.1794 8.36588 6.52222 5.06556 4.54011 3.99278 3.44222 3.254444 • • 
SD 1.031187 1.01756 1.18877 1.47882 2.70316 3.31376 3.19465 2.91812 2.78934 2.66072 2.622184 • • 
April Average 9.3425 9.44 9.285 9.225 9.04 8.6125 8.0125 7.8025 7.715 7.4075 7.3 • • 
May Average 10.766 10.814 10.754 11.22 11.036 9.574 8.202 6.854 5.526 4.588 4.208 • • 
JW1e Average 10.035 9.815 10.745 11.38 8.8425 5.9 3.1925 3.0225 2.34 1.4 1.1925 • • 
July Average 8.85 8.884 8.886 8.942 4.91 2.296 1.07 0.8304 0.804 0.758 0.714 • • 
Appendix 3 (Continued) 
Surface Im 2m 3m 4m Sm 6m 7m 8m 9m !Om llm 12m 
Mid-Lake Average 9.78 9.63 9.335 9.28444 5.95941 5.65778 5.07889 4.47889 3.85556 3.39824 3.055882 • • 
SD 1.045116 1.11641 1.85985 2.02256 3.7073 3.61849 3.22231 2.88689 2.70596 2.4599 2.382954 • • 
April Average 9.71 9.435 9.1075 9.15 9.25667 8.995 8.235 7.7825 7.62 6.9075 6.6725 • • 
May Average 10.742 10.746 10.646 10.94 9.408 8.466 7.45 6.484 5.302 4.292 3.554 • • 
Jwte Average 9.745 9.4575 9.595 9.o4 5.3375 4.8675 4.3775 3.2525 1.9375 1.3925 1.1175 • • 
July Average 8.902 8.808 7.998 7.932 1.03 0.812 0.744 0.812 0.932 0.7775 0.755 • • 
Twin Branch Average 9.779444 9.64278 9.10944 6.91278 5.19765 5.08972 4.56667 4.08111 3.55056 2.85167 2.401667 • • 
SD 0.844219 0.81349 1.42963 2.85306 3.09711 2.99038 2.86499 2.57395 2.52973 2.01956 1.73516 • • 
April Average 9.7775 9.705 9.4275 9.0575 8.79333 8.3125 8.16 7.2525 6.855 5.7275 5.05 • • 
May Average 10.52 10.262 10.16 9.238 7.484 6.995 6.132 5.146 4.358 3.344 2.704 • • 
June Average 9.9875 9.6425 8.78 6.7675 4.635 4.385 3.3625 3.305 2.71 1.955 1.385 • • 
July Average 8.874 8.974 8.068 2.988 1.204 1.17 1.09 1.1 0.772 0.776 0.794 • • 
...... 
0 
°' 
Appendix 4: Zooplankton Species List for Grayson Lake, 1993 
L Protozoa 
Kingdom 
Phylum 
Class 
Protista 
Sarcomastigophora 
Lobosa 
Order Testacida 
IL Rotifers 
Family 
Genus Difflugia sp. 
Kingdom 
Phylum 
Class 
Animalia 
Order 
Family 
Genus 
Order 
Family 
Genus 
Family 
Genus 
Family 
Genus 
Family 
Genus 
Family 
Genus 
Rotifera 
Monogononta 
Flosculariidea 
Filiniidae 
Filinia sp. 
Ploima 
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Synchaetidae 
Polyarthra sp. 
Ploesoma sp. 
Gastropodidae 
Gastropus sp. 
Trichocercidae 
Trichocerca sp. 
Asplanchidae 
Asplanchna sp. 
Brachionidae 
Keratella sp. 
Platyias sp. 
m. Crustaceans 
Kingdom 
Phylum 
Class 
Animalia 
Order 
Class 
Family 
Genus 
Family 
Genus 
Family 
Genus 
Family 
Genus 
Family 
Genus 
Order 
Family 
Genus 
Family 
Genus 
Arthropoda 
Branchiopoda 
Cladocera 
Bosminidae 
Bosminasp. 
Daphinidae 
Daphniasp. 
Ceriodaphnia sp. 
Leptodoridae 
Leptodora kindti 
Chydoridae 
Pleuroxus sp. 
Diphanosoma sp. 
Copepoda 
Eucopepoda 
Cyclopidae 
Cyclops sp. 
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Diaptomidae 
Diaptomus sp. 
Appendix 5: Phytoplankton Species List for Grayson Lake, 1993 
I. Bluegreen Algae 
Kingdom 
Division 
Class 
Monera 
IL Green Algae 
Order 
Family 
Genus 
Cyanophyta 
Cyanophyceae 
Chroococcales 
Chroococcaceae 
Tetrapema sp. 
Kingdom 
Division 
Plantae 
Class 
Order 
Family 
Genus 
Order 
Family 
Genus 
Genus 
Genus 
Family 
Genus 
Family 
Genus 
Order 
Family 
Genus 
Genus 
Chlorophyta 
Chlorophyceae 
Volvocales 
Chlamydomonadaceae 
Clamydomonas sp. 
Chlorococcales 
Chlorococcaceae 
Protococcus sp. 
Crucigenia sp. 
Kirchneriella sp. 
Hydrodictyaceae 
Pemastrum sp. 
Scenedesmaceae 
Scenedesmus sp. 
Zygnematales 
Desmidiaceae 
Closterium sp. 
Cosmarium sp. 
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III. Euglenas 
Kingdom 
Division 
Class 
Plantae 
Order 
Family 
Genus 
Genus 
Euglenophyta 
Euglenophyceae 
Euglenales 
Euglenaceae 
Euglenasp. 
Phacussp. 
IV. Golden Algae 
Kingdom 
Division 
Class 
Plantae 
Order 
Class 
Family 
Genus 
Order 
Family 
Genus 
Class 
Order 
Family 
Genus 
Genus 
Genus 
Genus 
Genus 
Genus 
Genus 
Order 
Family 
Genus 
Genus 
Genus 
Genus 
Chrysophyta 
Xanthophyceae 
Tribonematales 
Tribonemataceae 
Tribonema sp. 
Chrysophyceae 
Ochromonadales 
Ochromonadaceae 
Dinobryon sp. 
Bacillariophyceae 
Centrales 
Coscinodiscaceae 
Coscinodiscus sp. 
Melosira sp. 
Stephanodiscus sp. 
Cyclotella sp. 
Diatomasp. 
Eutonia sp. 
Stauroneis sp. 
Pennales 
Naviculaceae 
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Navicula sp. 
Fragilaria sp. 
Asterionella sp. 
Synedra sp. 
V. Fire Algae 
Genus 
Genus 
Family 
Genus 
Genus 
Genus 
Genus 
Genus 
Nitzschia sp. 
Tabellaria sp. 
Achnanthaceae 
Achnanthes sp. 
Cocconeis sp. 
Surirella sp. 
Cymbella sp. 
Amphorasp. 
Kingdom 
Division 
Plantae 
Class 
Order 
Family 
Genus 
Genus 
Family 
Genus 
Pyrrophyta 
Dynophyceae 
Peridiniales 
Peridiniaceae 
Peridinium sp. 
Monassp. 
Ceratiaceae 
Ceratium sp. 
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